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52D CoNGRESS, }HOUSE OF R.EPRESENTATIVES. { Mrs. Doc. 334,
1st Session.
Part 1.
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BOARD OF REGENTS
OF THE

SMITHSONIAN INSTITUrriON,
SHOWING

THE OPERATIONS, EXPENDlTURES! AND CONDITION
OF rrHE INSTITUTION
TO

JULY~

I~~~

1891.
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WASHINGTON:
GOVERNMENT PRINTING OFFICE.

1893.

FIFTY-SECOND CONGRESS, FIRST SESSIO~.

Concu1'1·ent 1·esolution adopted by the Senate, July 22, 1892, ctnd by the House of Representatires, A1tgust 5,1892 .
Resolvecl by the Senate (the House of RepTesentatiues concurring), That there be printed
of the Reports of the Smithsonian Institution and of the National Museum for the
year ending June 30, 1891, in two octavo volumes, 10,000 extra copies; of which
1,000 copies shall be for the use of the Senate, 2,000 copies for the nse of the Honse
of Representatives, 5,000 copies for the use of tlie Smithsonian Institution, and 2,000
copies for the use of the National Museum.

LETTER
FROM

THJ~

SECRETARY OF THE SMITHSONIAN INSTITUTION,
ACCOMP ANYlNG

The annual report of the Board of Regents of the Institution to the end of
J~tne, 1891.

SMI'l'HSONIAN INSTITUTION,

Washington, D. 0., J~tly 1,1891.
To the Congress of the United Sta,tes:
In accordance with section 5593 of the Revised Statutes of the United
States, I have the honor, in behalf of the Board of Regents, to submit
to Congress the annual report of the operations, expenditures, and condition of the Smithsonian Institution for the year ending June 30, 1891.
I have the honor to be, very respectfully, your obedient servant,
S. P. LANGLEY,
Secretary of Smithsonian Instit~ttion.
Ron. LEVI P. MORTON,
President of the Senate.
Ron. THOMAS B. REED,
Speaker of the House of Representative.<;.
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ANNUAL REPORT OF THE SMITHSONIAN INSTITUTION TO THE
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THE SMITHSONIAN INSTITUTION.
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BENJAMIN F. TRACY, Secretary ofthe Navy.
JOHN WANAMAKER, Postmaster-General.
WILLIAM H. H. MILLER, Attorney-General.
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Sectetm·y.

Director of the Institution and of the U. S. National Museurn.
G. BROWN GooDE, Assista.n t Sem·etary.
IX

REGENTS OF THE SMITHSONIAN INSTITUTION.

By the organizing act approved August 10, 1846 (Revised Statutes,
Title LXXIII, section 5580), " The business of the Institution shall be
conducted at the city of Washington by a Board of Regents, named
the Regents of the Smithsonian Institution, to be composed of the VicePresident, the Chi.ef-Justice of the United States (and the Governor of
the District of Columbia], three members of the Senate, andthree members of the House of Representatives, together with six other persons,
other than members of Congress, two of whom shall be resident in the
city of Washington, and the other four shall be inhabitants of some
State, but no two of the same State."

REGENTS FOR THE YEAR 1891.

The Chief-Justice of the United States:
MELVILLE W. FULLER, elected Chancellor, and President of the Board Jahuary 9, 1889.
The Vice-President of the UnHed States:
LEVI P. MORTON.
United States Senators:
Term <~xpires .
JUSTIN S. MORRILL (appointed February 21, 1883) .............. Mar. 3, 1891.
SHELBY M. CULLOM (appointed March.23, 1885, ancl Mar. 28, 1889) .Mar. 3, 1895.
RANDALL L. GIBSON (appointed Dec. 19, 1887, and Mar. 28, 1889) .. Mar. 3, 1895.
Members of the House of Representatives:
JOSEPH ·wHEELER (appointed Jan. 5, 1888, and Jan. 6, 1890) .. Dec. 23, 1891.
BENJAMIN BUTTERWORTH (appointed January 6, 1890) ...... Dec. 23, 1891.
HENRY CABOT LODGE (appointed January 6, 1890) ............ Dec. 23, 1891.
Citizens of a State:
HENRY COPPEE, of Pennsylvania (first appointe<.{ Jan.19, 1874) .Dec. 26, 1891,
JAMES B. ANGEI. . L, of Michigan (:first appointed Jan. 19, 1887) .. Jan. 19, 1893.
ANDREvV D. WHrrE, of New York (first appointed Feb. 15, 1888) .Feb. 15, 1894.
[Vacancy.]
Citizens of Washington:
JAMES C. WELLING (:first appointed May 13, 1884) .............. May 22, :!.896.
MONTGOMERY C. MEIGS (:first appointed December 26, 1885) .... Dec. 26, 1891.

E xecutive Committee of the Bom·d of Jlegents.
JAMES C. WELLING,
X

Chai1'rnan.

HENRY COPPEE.

MONTGOMERY C. MEIGS.

JOURNAL OF PROCEEDINGS OF THE BOARD OF REGENTS OF THE SMITHSONIAN INSTITUTION.

SMITHSONIAN INSTITUTION,
Wctshington, January 28, 1891.
In accordance with a resolution of the Board of Regents of the Smithsonian Institution, fixing the time of the beginning of the annual session on the fourth* Wednesday of January in each year, the Board met
to-day at 10 o'clock .A.M.
Present, Chief-Justice FULLER, Chancellor of the Institution, Hon.
J. S. MoRRILL, Hon. S. M. CULLOM, Hon. R. L. GIBSON, Hon. H. C.
LODGE. Hon. JoSEPH WHEELER, Dr. HENRY CoPPEE, Dr. J.AMES
C. WELLING, Gen. M . C. MEIGS, Dr. ANDREW D. WHITE, and the
Secretary.
The minutes of the last meeting (January 8, 1890) were read and
approved.
A letter from Dr. J. B. ANGELL was read, stating the reasons for
his absence from the meeting.
The Secretary informed the Board that the following resolution had
been passed by Congress and approved May 22, 1890:
No. 23. Joint resolution to :fill vacancies in the Board of Regents of the Smithsonian Institution.

Resolved by the Senate and House of Representatives of the United
Sta,tes of .America in Congress assembled, That the vacancies in the Board
of Regents of the Smithsonian Institution, of the class other than members of Congress, shall be filled by the appointment of Charles Devens,
of J\'Iassachusett,s, iu place of Noah Porter, of Connecticut, resigned;
and by the appointment of James C. Welling, of Washington City,
whose term of office has expired.
Approved, May 22, 1890.

The Secretary read a letter from Judge Devens, September 20, 1890,
declining the honor of the position of one of the Regents of the Smithsonian Institution, on account of a provision in the constitution of the
State of Massachusetts, that " Justices of the supreme judicial court
*Resolution of the Board, January 8, 1890.
Xl
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of the Commonwealth shall not hold any other place or office, or receive
any pension or salary from any other State, government, or power
whatever."
Judge Devens stated that were it not for this provision of law "it
would have afforded" him" sincere pleasure to have been as~ociated
with the Regents and the Secretary in the administration of this great
national trust for the diffusion of knowledge among men."
The Secretary stated to theBoard that since the receipt of this decli·
nation he regretted to announce the death of Judge Devens very sud·
denly on the 7th of the present month.
Dr. Welling, chairman, presented the annual report of the executive ·
committee for the year ending 30th June, 1890.
On motion the report was accepted.
On motion the following resolution was adopted:
Resolved, That the income of the Institution for the fiscal year end·
ing June 30, 1892, be appropriated for the service of the Instituticn, to
be expended by the Secretary, with the advice of the executive committee, upon the basis of the operations described in the last annual
report of said committee, with full discretion on the part of the Secretary as to items of expenditures properly falling under each of the
heads embraced in the established conduct of the Institution.

Doctor Welling, on the part of the Executive Committee, stated that
he had a resolution to introduce, which he desired to preface by a few
remarks.
The resolution of the committee, after certain verbal alterations,
was adopted and is as follows:
Resolved, That the action of the Executive Committee, during the
recess of the Board, in authorizing the Secretary of the Institution to
act for and in the name of the Regents in all matters pertaining to the
National Zoological Park is hereby approved, and that the Regents
authorize and direct the Secretary of the Institution to sign in their
name all requisitions on the United States Treasury for the money appropriated by Congress for the National Zoological Park, and to
approve for payment by the disbursing officer of the Smithsonian Institution all bills for services and supplies for said Park.
On motion, the following resolution was adopted:
Whereas Congress in the sundry civil act, approved August 30,
18!>0, made the following provision: " Repairs, Smithsonian Building:
For fire-proofing the so-called chapel of the west wing of the Smithsonian Building, and for repairing the roof of the main building and the
ceiling and plastering of the main hall of the building, $25,000, said
work to Le done under the supervision of the Architect of the Capitol
with the approval of the Regents of the Smithsonian Institution, and no
portion of the appropriation to be used for skylights in the roof•nor for
wellhole in the floor of the main building:" Therefore,
Resolved, That the Regents of the Smithsonian Institution hereby
authorize the Secretary of the Institution to sign all requisitions on
the United States Treasury for the money appropriated by Congress
(sundry civil appropriation act, approved August 30, 1890) for repairs,
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Smithsonian Building, to approve of plans submitted by the .Architect
of the Capitol, and to certify to an vouchers for payments by the Treasury
Department for work done or materials furnished for said repairs.
The Secretary called attention to an estimate he had submitted to
Congress at the beginning of the session in relation to an astro-physical
observatory as follows:

Astro-physical Observatory, Smithsonian Institution.- Mainterrance of
astro-physical observatory, under the direction of the Smithsonian Institution, within the limits of the National Zoological Park, including
salaries of assistants and the purchase of additional apparatus (Submitted), $10,000.
NoTE.-An astro-physical observatory and laboratory exists now
under every considerable civilized government but that of the United
States which has none, except that the Institution commenced one on
the most modest scale in 1888, which now occupies a temporary structure on the grounds south of the Smithsonian building. Private citizens have subscribed $10,000 for an astro-physical observatory under
the charge of the Regents, in the hope that Congress would maintain
it, and the Smithsonian Institution proposes, in this case, to contribute
the most recent apparatus to the value of $5,000 more.
The sum now asked is to be applied to the completion of the pJant
and to pay the current expenses, including the salaries ofthree assistants, to be engaged in researches of great scientific and economic value,
wholly distinct in apparatus, methods, and objects from the quite
otherwise important ones of those of the U. S. Naval Observatory.
It seems proper to state that the present appropriation is not asked
for as an introduction to a larger one later, but that owing to the scale
on which it is proposed to iound and maintain this small establishment, no Jarger appropriation is contemplated as necessary for many
years at least.
He stated that if Congress saw fit to make the appropriation asked
for, even if it did not set apart a site in the ZoOlogical Park for the
observatory, it would be desirable for the Board of Regents to take
action in accordance with the suggestions made in his estimates and
annual report.
On motion, it was-

Resolved, That if an appropriation should be made by Congress for
the maintenance of an astro-physical observatory under the direction
of the Smithsonian Institution, the Regents will expend for this purpose from money already donated to them $10,000 for the construction
of buildings for said observatory whenever a suitable site shall be designated by Congress and obtained for the purpose, and will present to it
suitable apparatus of the most recent construction, now in their charge,
to the value of not less than $5,000.
The secretary stated that the following bill bad been passed in the
Senate of the United States on the 5th of .April, 1890:
AN ACT to provide for the erection of an additional fireproof building for the
NatioRal Museum.

Be it enacted by the Senate and House of Representatives of the United
States of America in Congress assembled, That for an additional fireproof building for the use of the National Museum, three hundred feet
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square, with two stories and a basement, to be erected by the Supe.rvising Architect of the Treasury, under the direction of the Regents
of the Smithsonian Institution, in general accordance with plans now
on file with the Committee on Public Buildings and Grounds, on the
southwestern portion of the grounds of the Smithsonian Institution,
there shall be appropriated, out of any moneys in the Treasury not
otherwise appropriated, the sum of five hundred thousand dollars;
said bnilding to be placed west of the Smithsonian Institution, with
its north front on a line with the north front of the present Museum
building, and constructed as far as practicable, after proper advertisement, by contract or contracts, awarded to the lowest responsible bidder, and all expenditures for the · purposes herein mentioned shall be
audited by the proper officers of the Treasury Department.
The Committee on Public Buildings in the House of Representatives
had made on the 9th of January, 1891, a favorable report on this bill,
and it had been submitted to the l-Iouse as follows:
The Committee on Public Buildings and Grounds, to whom was referred the bill (S. 2740) for the erection of an additional fireproof building for the National Museum, submit the following report:
To demonstrate the pressing necessity for additional accommodations
for the vast amount of materials which has been accumulated for exhibition in the National Museum it will, perhaps, be sufficient to present the communication of the Secretary of the Smithsonian Institution.
1t may also be stated that in view of acquiring a large quantity of
the exhibit of the World's Fair of 1892, as was the ease in the exhibition of 1876, such material being presented by various foreign countries,
tlte pressing necessities are clearly demonstrated.
Your committee therefore recommend the passage of the bill asamended.

SMITHSONIAN INSTITUTION,

U. S. NATIONAL MUSEUM,
Washington, April 29, 1890.

8IR: I have the honor to lay before you certain considerations setting forth the necessity of an additional building for the National
Museum and respectfully request your attention to them and your
recommendation to Congress that the money necessary for this purpose
be appropriated.
A set of provisional plans for the proposed new building bas already
been prepared, and I understand that these are in the possession of
your committee. They haye been prepared with the utmost care and
represent the results of exhaustive study, which bas extended over
several years, of the plans of the best modern museum buildings in
E m·ope and America, nearly all of which have been personally inspected
by officers of the Smithsonian Institution.
The proposed building will contain about 220,000 square feet and
the net area available for exhibition space and for storage and office
room would be between five and six acres. The exhibition space would
thus be nearly three times as great as in the present buildings, in
which only 80,000 square feet are available both for exhibition and
storage purposes.
The total cost of the present building was $315,400, including expenditures for steam-heating apparatus, marble floors, water and gas
fixtures, and electrical apparatus.
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The proposed building can, I believe, be constructed at a proportionately smaller cost. I am not prepared to state the exact sum which
would be necessary for its completion; but, from estimates already furnished by responsible contractors, I feel sure that $500,000, if not sufficient to complete it, would be all that would be required to be expended
during the present year, and I would earnestly urge the desirability of
appropriating this amount for the purpose in question.
The necessity for a new Museum building is caused by the large increase in the accessions to the collections. In 1882, the first year of
active work in the present building, the Museum contained less than
195,000 specimens. This number has now been increased to nearly
3,000,000 specimens, and the increase during the past eight years has
been more than half as large again as during the previous twenty-one
years.
The collections of the Smithsonian Institution and of the Government are especially rich in representations of the natural history of
this country. A careful estimate made at the end of the last fiscal
year showed that there were at that time in the zoological collections
1,850, 721 specimens, iu the botanical collections 48,637 specimens, in
the geological collections 106,766 specimens, in the paleontological
collections 172,540 specimens, in the anthropological collections 651,868
specimens, and in the various collections illustrating the art::; and
industries 43,540 specimens. Since this estimate was made, it is probable that more than 50,000 specimens of all kinds have been received.
The natural-history collections include the zoOlogical collections,
the botanical collections, and the geological collections, in which are
contained not only all the geological and mineralogical specimens, bnt
also the greater portion of the paleontological material, the study of
fossil animals and plants forming an essential feature of modern geo. logical work.
The anthropological collections illustrate the history of mankind at
all periods and in every land and also serve to explain the development of all human arts and industries. There are in addition considerable collections illustrating the processes and products of the various
arts and industries, as well as the historical collections, which are of
especial interest to a very large number of the visitors to the Museum
on account of the associations of the objects exhibited with the personal
history of representative men or with important events in the history
of America.
It is also noteworthy that among the accessions of more recent years
many collections of great extent have been received. Among these are
the bequest of Dr. Isaac Lea, of Philadelphia, which contains 20,000
specimens of shells, besides minerals and other OQjects; the J efl'ries
collection of fossil and recent shells of Europe, including 40,000 specimells; the Stearns collection of mollusks, numbering 100,000 specimens;
the Riley collection of insects, containing 50,000 specimens; the Catlin
collection of Indian paintings, and the collection of the American Institute of Mining Engineers.
In addition may also be mentioned the extensive collection obtained
at the Fisheries Exhibitions at Berlin and London, at the New Orleans
Cotton Centennial Exposition, and at the Ohio Valley and Central
States Exposition. To these may be added the collections received
annually from U. S. Fish Commission, the Geological Survey, the
Bureau of Ethnology, and from many other Government departments
and bureaus. These are very extensive and are yearly increasing in
bulk and value.
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There is in the present Museum Building no exhibition space available for the collection of reptiles, mollusks, insects, marine invertebrates, vertebrate and invertebrate fossils; and the space now afforded
for the exhibition of the vast collections of fishes, birds' eggs, plantsfossil and recent-and the geological collections, aggregating not less
than 350,000 specimens, is entirely inadequate.
In a letter addressed in 1888 to the chairman of the Senate Committee on Public Buildings and Grounds I endeavored to demonstrate the
remarkable increase which bad characterized the growth of the collections in the National Museum, and I there stated that in the five
years between 1882 and 1887 the number of specimens in the collection
had multiplied no less than sixteen times. Since 1887 the pressure for
additional room has, of course, grown greater, and during the last year
it has become necessary to decline many offers of collections for want
not only of exhibition space, but even of storage room where they may
be temporarily cared for.
The armory building, which for more than ten years had been used
by the Museum for storage purposes, is now entirely occupied by the
U. S. Fish Commission, with the exception of four rooms, used by some
of the :Museum taxidermists, who are now working in very contracted
space, and whom it is impossible to accommodate elsewhere.
Every space is now filled to its utmost capacity, and no more collections of any considerable extent can be received until additional room
is provided for their reception.
In a few words it may be stated that for exhibition, storage, and
laboratory space 316,400 square feet are needed instead of 100,675
square feet, which now constitute the available area for all of these
purposes.
In conclusion, I reaffirm without hesitation that unless additional
space is provided it will be impossible to take any further important
steps toward the improvement of the Government collections.
Your obedient servant,
S. P. LANGLEY,
Secretary.
Hon. SE'l'H L. MILLIKEN,
Chairman of the Committee on .Public Bu,ildings
and Grounds, House of Representatives.
In view of the probability of the passage by Congress of the bill
providing for a new building for the Museum, it was-

Resol'ved, That the Executive Committee of the Board of Reg~nts, or
a majority thereof, and the Secretary, be, and they are hereby, authorized and empowered to act for and in the name of the Board of Regents
in carrying into effect the provisions of any act of Congress that may
be passed providing for the erection of a new building for the United
States National Museum.
A memorial was read from Doulton & Co., of London, England,
calling attention to the deposit in the institution in 1876 of certain
articles of terra-cotta, the principal one being the colossal group
''America," a copy of one of the marble groups by Bell on the pedestal
of the Albert J\'lemorial Monument in Kensington, and asking that the
Board of Regents be pleased to recommend to the Government that
an appropriation be made for the purchase of the goods now in their
possession.

JOURNAL O:E' PROCEEDINGS.

XVII

The whole subject bad been carefully considered by the Executive
Committee and was now submitted to the Board without recommendation.
After some discussion and inquiries by rnern hers of the Board of the
Secretary and Chairman of the Executive Committee as to the value
of the articles as works of art and the desirability of their acquisition
for the Institution, it wasResolved, That the memorial of Doulton & Co. be re-referred to tlte
Secretary with power to act.

The Secretary stated that he had been authorized by the President,
the Vice-President, the Chief-Justice, and other members oftbe Establishment to ask for legislation the effect of which would be to modify
the organic act so that the ''Establishment" would consist of these high
officials and of all the beads of Departments.
The proposed change
is covered by the following words:
Be it enacted, etc., That" An act to establish the Smithsonian Institution for the increase and diffusion of knowledge among men," approved August 10, 1846, Revised Statutes, Title LXXIII, be, and the
same is hereby, amended in section 5579 of said act, by striking out
the words, "the Secretary of State, the Secretary of the Treasury, the
Secretary of War, the Secretary of the Navy, the Postmaster-General,
the Attorney-General, the Commissioner of the Patent-Office, and the
Governor of the District of Columbia, aud such other persons as they
may elect honorary members," and inserting the words, "the heads of
Executive Departments," so that the section will read:
SEC. 5579. The President, the Vice-President, the Chief-Justice,
and the beads of Executive Departments are hereby constituted an
establishment by the name of the "Smithsonian Institution" for the
increase and diffusion of know ledge among men; and by that name
shall be known and have perpetual succession, with the powers, limitations, and restrictions hereinafter contained, and no other.

The Secretary stated that in accordance with the instructions given
him at the last meeting of the Board be had prepared the following
memoranda relative to the re-imbursement of money expended by the
Institution for the Governmental system of exchanges.
[Memorandum relative to the re-imbursement of the Smithsonian fund for expenditures on account of Government exchanges.]

At a meeting of the Board of Regents of the Smithsonian Institution
on January 8, 1890, it was
Resolved, That the Regents instruct the Secretary to ask of Congress
legislation for the repayment to the Institution of the amount ad Yanced
from the Smithsonian fund for Governmental service in carrying on the
exchanges.
In pursuance of this instruction the Secretary has the honor to submit the following statement:
Under the act of Congress accepting a donation from James Smithson for "the increase and diffusion of knowledge among men," and giving effect to this trust by the foundation of the Smithsonian Institution,
the Board of Regents in 1851 establh;hecl a system of international exH. Mis. 334, pt. 1--n
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change of the Transactions of learned societies and like works; but, in
addition to such publications, it voluntarily transported between 1851
and 1867 somewhat over 20,000 packages of publications of the bureaus of the National Government at an estimated cost to the private
funds of the Institution of about $8,000. This however was understood
to be a voluntary service, and no request for its reimbursement has
been made or is contemplated.
Congress however in 1867, by its act of March 2, imposed upon the
Institution th~ duty of exchanging fifty copies of all documents printed
by order of either House of Congress or by the United States Government or bureaus, for similar works published in foreign countries, and
especially by foreign governments.
The Institution possessed special facilities and experience for ..such
work, the propriety of its undertaking which, in the interests of the
Government, is evident; but it was hardly to have been anticipated
that the Government should direct this purely administrative service
and make no appropriation for its support. Such however was the
case, and with the exception of small (presently to be noted) sum, returned by some bureaus, it was wholly maintained during the next
thirteen years, or until the first appropriation to the Institution for
Exchanges in 1881, at the expense of the private fund of James Smithsou.
From January 1, 1868, to June 30, H386, 292,483 packages containing
these official Government publications, having little to do with the
object to which Congress devoted the Institution's private funds, were
transported by the exchange bureau at a pro ra,ta cost of $92,943,36,
of which $29,706.85 accrued betweeu1881, when the first specifie appropriation was made, and 1886. Of this $92,943.36, $19,302.35 was returned from various departments and bureaus, leaving a balance of
$73,641.01 expended in carrying exclusively governmental publications.
What has preceded refers to the transportation of official documents,
and not to that of Transactions of learned societies and other like works;
but it is now necessary to mention that in1878 the honorable Secretary
of State designated the Smithsonian Institution as the special agent
of the United States Government for carrying out the provisions of an
international convention at Paris, which made the respective Governments assume the cost, not only of the transportation of official
documents, but of scientific and literary publications between the
States interested, and it would seem that Congress itself adopted this
view ofits responsibility, for from July 1, 1881, to June 30, 1886, while
the Congressional and bureaucratic exchange represented a pro rata
cost of $29,706.85, and the scientific publications $39,034.90, Congress
appropriated directly $35,500-somewbat more than the cost of the
Government exchange, but leaving a balance of $3,534.90 for scientific
and literary exchanges unpaid. This latter sum, $3,534.90, added to
the $73,641.01 mentioned alJove, makes a total of $77,175.91 for which,
in equity, repayment might be requested.
In 1886, on the 15th of March, plenipotentiaries of the United States
and various other nationalities signed a convention, more formal than
that at Paris, by which the respective Governments definitely assumed
the exchange of official documents and scientific and literary publications between the states interested.
The Institution prefers to adopt the latter elate as a basis for its request rather than the earlier date, tllough, as mentioned above, equity
would seem to allow it the entire sum expended for exchanges, at least
since its official recognition by Congress in 1881 as the Government

a
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exchange agent. No claim for the exchange of a purely scientific
character is made for the years 1881 to 1886, so that the $35,500 that
Congress appears to have appropriated for this end is treated as having a retro-active effect, and this amount deducted from the crude obligation of $73,641.01 leaves $38,141.01 as the amount due the private
fund of James Smithson from 1868 to 1886.
Considering separately the period from July 1,1886, to June 30,1889,
we find that the amount expended in these years under the direction
of the Smithsonian Institution on account of international exchanges
was $47,126.56; of this sum $37,000 were paid by Congressional appropriations, $3,091.75 were paid by Government Departments and others,
and the balance, $7,034.81, by the Smithsonian Institution.
The action of the Board of Regents contemplates the presentation to
Congress of a request to return to the Smithsonian fund the sums here
shown to have been expended in the interests and by the authority of
the National Government, namely, $38,141.01 in excess of appropriations advanced from January1, 1868, to June 30,1886, for the exchange
of official Government documents, and $7,034.81 in excess of appropritions from July 1, 1886, to June 30, 1889, advanced for the purpose of
car~ying out a convention entered into by the United States, or an
aggregate of $45,175.82.
DRAFT OF BILL.

Be it enacted by the Senate and House of Rep1•esentatives of the United
States of A.rnerica in Congress {tssernbled, That the following sums be, and
the same are hereby, appropriated, out of any moneys in the Treasury
not otherwise appropriated, in repayment of moneys expended from
the Smithsonian fund in exchanging with foreign countries the official
publications of the United States Government, and in carrying out the
provisions of a convention for the exchange of literary and scientific
publications signed by a representative of the United States at Brussels, March fifteenth, eighteen hundred and eighty-six, namely:
SEC. 2. For exchanging the official publications of the United States
Government from eighteen hundred and sixty-eight to eighteen hundred
and eighty-six, as provided for by resolution seventy-two, Fortieth
Congress, second session, the sum of thirty-eight thousand one hundred
and forty-one dollars and one cent.
SEC. 3. For exchanging from July first, eighteen hundred and eightysix, to June thirtieth, eighteen hundred and eighty-nine, official documents and scientific and literary publications, as provided for by the
"convention between the United States of America, Belgium, Brazil,
and other nations," concluded at Brussels :rvrarch fifteenth, eighteen
hundred and eighty-six, the sum of seven thousand and thirty-four
dollars and eighty-one cents; in all, forty-five thousand one hundred
and seventy-five dollars and eighty-two cents.

The foregoing memoranda had been placed in the hands of one of
Regents in the House of Representatives, to present whenever it was
deemed advisable, but no action had as yet, so far as the Secretary
was informed, been taken.
The Secretary informed the Board that the executors ofthe late Dr.
Jerome H. Kidder had refunded $100 to the Institution, which bad
been paid by the latter for legal services in relation to the bequest of
Dr. Kidder to the Smithsonian, and the family of the testator did not
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desire that "the action of the Regents in regard to the bequest should
be attended by any financial burden to the Institution".
The announcement was made that a bequest of a medical library
had been made to the Institution by Dr. Jonathan R. Bailey, of Olmstead, Ky., but the books had not yet been received.
A letter of thanks was submitted from Mrs. Cox, thanking the Board
for the resolutions transmitted to her in regard to the death of her
husband, the late honorable Samuel S. Cox.
The Secretary presented his annual report for the year ending June
30, 1890, which, in accordance with the instructions of the Board, had
been printed and distributed to the Regents.
On motion the report was accepted.
Dr. Welling presented the following:
WHEREAS, The late George Bancroft was for several years a member
of the Board of Regents of the Smithsonian Institution, and rendered
useful service on its executive committee: Therefore, be it
Resolved, That while, for obvious ·reasons of propriety, we should
abstain at this time and in this place from any full or formal commemoration of the manifold titles to distinction which clustered around the
head of our late illustrious colleague, we can not forbear from testifying
the special gratitude we owe to him for the interest he ever took in the
welfare of this Institution, nor can we forbear from associating ourselves with the grief of his fellow-citizens throughout the length and
breadth of the land, now that, in the fullness of his years and in the
fullness of his honors, he has been called to rest from the labors which
brought to him such a revenue of fame, alike in the walks of high
executive administration, of diplomacy, and of literature.

The resolution was adopted by a rising vote.
On motion, the Board then adjourned sin6 die.

)

REPORT OF THE EXECUTIVE COMMITTEE OF THE BOARD OF REGENTS
OF THE SMITHSJNIAN INSTITUTION.
FOR THE YEAR ENDING JUNE 30, 1891.

To the Board of Regents of the Smithsonian Institution:
Your executive committee respectfully submits the following report
in relation to the funds of the Institution, the appropriations by Congress, and the receipts and expenditures for the Smithsonian Institution,
the U. S. National Museum, the International Exchanges, the Bureau
of Ethnology, the National Zoological Park, the purchase of the Perkins collection of prehistoric copper implements, the payment to daughters of the late Prof. Joseph Henry, and the purchase of the Capron
collection of works of Japanese art, for the year ending 30th June, 1891,
and balance:::; of former years.
SMITHSONIAN INSTITU'l'ION.

Condition of the fund J 'uly 1, 1891.
The amount of the beq nest of James Smithson deposited in the Treasury of the United States, according to act of Congress of August 10,
1846, was $515,169. To this was added by authority of Congress February 8, 1867, the residuary legacy of Smithson, savings from income
and other sources, to the amount of $l34,831.
To this also has been added a bequest from James Hamilton, of Pennsylvania, of $1,000; a bequest of Dr. Simeon Habel, of New York, of
$500, and the proceeds of the sale of Virginia bonds, $51,500, making
in all, as the permanent Smithson fund, $703,000.
Statement of the 1·eceipts and expenditures front July 1, 1890, to June 90, 1891.
RECEIPTS.

Cash on band July 1,1890, including cash from executors of
Dr. Jerome H. Kidder, $5,000, and from Dr. Alex. Graham
Bell, for astro-physical resea.rcb, $5,000 . .................... __ ........ $30, 192. 65
Interest on fund July 1, 1890 .... _. .. .. .. .. . .. .. . . . .. . . . . .. . .. $21, 090. 00
Interest on fund January 1, 1891. .................. -.......... 21, 090.00
- - - - - 42, 180. 00
72,572.65
Cash from sales of 1m blications ............................. .
Cash from repayments of freight, etc ....................... .

418.36
6,344.01
----

6, 762. 37

Total receipts ................ _...... _.... _.................. _... _ 79, 135. 02
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EXPENDITURES.

Building:
Repairs, care, and improvements ............ . $1,972.71
Furniture and fixtures ...................... .
837.36
- - - - $2, 810. 07
General expenses:
Meetings ......... .. .......................... .
319.50
325.70
Postage and telegraph ...................... .
412.63
Stationery .................................. .
759.51
General printing ............................ .
Incidentals (fuel, gas, etc.) .................. .
2,274.36
Library (books, periodicals, etc.) ........... ..
1,660.87
Salaries* .......••.••..•...................... 18,322.21
24,074.78
Publications and research:
Smithsonian Contributions .................. .
318.82
Miscellaneou~a Collections ................... .
1,429.44
1,217.29
Reports .........•••........ . .................
Researches .........•....•....................
800.00
Apparatus ...............• • ..................
3, 612.45
57.40
Explorations ................................ .
871.03
Museum ..............••.....................
499.42
Zoological park ............................ ..
- - - - 8,805.85
Literary and scientific exchanges...... . .. . .. . . .. .. .. .. .. . . ..
3, 382. 21
Total expenditures ................ .. ............................. $39, 072. 91
Balance unexpended June 30, 1891. .. . . . .. .. .. .. .. . . . . .. .. .. . . . . ..

40, 062. 11

The cash received from sales of publications, repayments for freight,
etc., is to be credited on items of expenditure, as follows:
Stationery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Postage and telegraph.... . .. . .. . .. . . . .. . .. . .. . . .. .. . . .. .. . . .
General printing. . .. . . . . • .. .. .. .. .. .. .. . .. . .. . . .. .. .. .. . . . . .
Incidentals.... .. . . . . . . . . .. . . . . . . .. . .. . . .. . . . . . .. . . .. .. .. . . . .
Salaries .................••............. . ...... . ..............
Smithsonian contributions.... . . . . . . . . . . . . . . . . . . .
$64. 25
Miscellaneous collections . . . . . . . . . . . . . . . . . . . . . . . .
310. 25
Reports................ . . . . . . . . . . . . . . . . . . . . . . . . . .
43. 86
Apparatus ................................................. .
Museum ................................................... .
Exchanges .........•........................................

$2. 56
28
75
528. 68
1,595.96

418.36
111.5{}
733.21
3,371.07
- - - - - $6, 762. 37

The net expenditures of the Institution for the year ending June 30,
1891, were therefore $32,310.54, or $6,762.37 less than the gross expenditures, $3f),072.91, above given.
All moneys received by the Smithsonian Institution from interest,
sales, refunding of moneys temporarily advanced, or otherwise, are de*In addition to the above $18,322.21 paid for salaries under general expenses,
$1,713.44 were paid for services, viz, $1,000.08 from the building account; $470.04
from the library account; $10 from the exchange account; and $233.32 from the
Smithsonian Contributions account.
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posited with the Treasurer of the United States to the credit of the
Secretary of the Institution, and all payments are made by his checks
on the Treasurer of the United States.
Your committee also presents the following statements in regard to
appropriations and expenditures for objects intrusted by Congress to
the care of t!:te Smithsonian Institution:
INTERN.ATION.AL :ElXCli.ANGES.

Appropriation by Congress for the fiscal year ending June 30, 1891, "for
expenses of the system of international exchanges between the United
States anu foreign countries under the direction of the Smithsonian
Institution, including salaries or compensation of all necessary employes" (sundry civil act, August 30, 1890) .•.... _...•......•....•.... $17, 000. 00

Expenditu1·es from July 1, 1890, to J'nne 30, 1891.
Salaries or compensation:
1 curator, 12 months, at $208.33 .......................... $2,499.96
1 clerk, 7 months, at $150 .............•....•... $1, 050. 00
5 months, at $160 . . . . . . . . . . . . . . . . . . . . . .
800. 00
1,850.00
1 clerk, 3 months, at $110 . . . . . . . . . . • . . . . • • • . . . .
330. 00
9 months, at $120 . . . . . . . . . . . . . . . . . . . • . . 1, 080. 00
-----

1, 410. 00

1 clerk, 3 months, at $80 ......•................
9 months, at $85 ...................• _..

240.00
765.00
- - - - 1,005.00
1 clerk, 3 months, at $75 ................•...•..
225.00
720.00
9 months, at $80 ..............•...•••..
945.00
1 clerk, 12 months, at $75 ...............•................
900.00
1 clerk, 3 months, at $70 ·...... . . . . • • • . . . . • • . • • .
210. 00
9 months, at $75 . . . . . . . . . . . • • . . . • . . . . . .
675. 00
885.00
540.00
1 stenographer, 12 months, at $45 ....................... .
1 clerk, 9 months, at $55 ............. _....•.............•.
495.00
1 copyist, 3 months, at $35...... . . . . . . . . . . . . .. . .
105. 00
9 months, at $45 . . . • .. • . .. • . . . . .. . . . .
360. 00
465.00
1 copyist, 13 days, at $1.50 ....•••.•••....•...............
19.50
1 copyist, 10 days, at $1 ................................. .
10.00
1 packer, 12 months, at $75 .....................•••.......
900.00
1 packer, 12 months, at $50 ............ _................ ..
600.00
1laborer, 3 months, at $45 _. . . . . . . . . . . . . . . . . . . .
135. 00
9 months, at $50 . . . . . . . . . . . . • . . . . . . . .
450. 00
585.00
1 agent (Germany), 6 months, at $83.331- ................. .
500.00
1 agent (England), 6 months, at $41.66! .... ....
250.00
6 months, at $50 . . . . . . . . . . . .
300.00
550.00
Total salaries or compensation .......................... _....

14, 159. 46
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General expenses :
Freight .................. . .... __ .. _....... _..... . _....... . $1,298.33 .
Packing boxes ..................... _.................... .
758.16
189.05
Printing and binding .......•............ ------ ......... .
Postage .............. _........ __ .... ____ .. _. . ... _....... .
184.58
Stationery and supplies _.. . ...... . __.... _... _..... _..... .
410.42
-----

$2, 840. 54

Total expenditures international exchanges ................... 17, 000. 00
NORTH AMERICAN E'l'HNOLOGY.

Appropriation by Congress for the fiscal year ending June 30, 1891, 11 for
continuing ethnological researches among the American Indians, under
the direction of the Smithsonian Institution, including salaries or compensation of all necessary employes" (sundry civil act, August 30, 1890). $40, 000. 00
Balance July 1, 1890, as per last annual report ..... _. .... _...... _. . . . . . . 12, 033. 08
52,033.08

The actual conduct of these investigations has been continued by the
Secretary in the bands of Maj. J. W. Powell, Director of the Geological
Survey.
Ethnology:-Expendittwes

J1~ly

1, 1890, to Jnne 30, 1891.

Sal aries or compensation :
2 ethnologists, at $3,000 per annum .......... . ........... . $6,000.00
1 archreologist, at $2,500 per annum, 10 months ........... .
2,166.60
1 ethnologist, at $2,400 per annum .......... _. . ......... .
2,400.00
1 ethnologist, at $2,400 per annum, 2 months ...... ___ .. _.
400.00
1 archreologist, at $2,400 per annum, 2 months_ .... _..... .
400.00
1 ethnologist, at $2,000 per annum, 10 months ........... .
1,666.60
1 ethnologist, at $1,800 per annum, 2 months ..... __ ..... _
300.00
1 ethnologist, at $1,800 per annum ............ _.... ___ ... _ 1,800.00
1 ethnologist, at $1,800 per annum, 11 months ...... _.... .
1,650.00
1 assistant ethnologist> at $1,800 per annum, 5 months._._ .
750.00
1 assistant archreologist, at $1,500 per annum, 2 months_ . _
250.00
1 assistant ethnologist, at $1,500 per annum, 10 months . __
1,250.00
1 assistant ethnologist, at $1,400 per annum, 2 months ....
233.32
1 assistant ethnologist, at $1,400 per annum, 10 months _..
1,166.60
1 assistant ethnologist, at $1,400 per annum, 10 months _..
1, 166.60
200.00
1 assistant ethnologist, at $1,200 per annum, 2 months ... .
1 assistant ethnologist, at $1,200 per annum ........ . ..... _ 1,200.00
1 assistant ethnologist, at $1,200 per annum, 9 months ... .
950.00
200.00
1 assistant ethnologist, at $1,200 per annum, 2 months ... .
1 stenographer, at $1,200 per annum, 10 months .......... .
1, 000.00
166.66
1 stenographer, at $1,000 per annum, 2 months ........... .
200.00
1 assistant ethnologist, at $1,200 per annum, 2 months ... .
666.64
1 assistant ethnologist, at $1,000 per annum, 8 nionths ... .
150.00
1 assistant ethnologist, at $900 per annum, 2 months ..... .
900.00
1 assistant ethnologist, at $900 per annum ............... .
150.00
1 ethnologic aid, at $900 per :mnum, 2 months ........... .
900.00
1 copyist, at $900 per annum .... __ ....... _............... .
1 copyist, at $900 per annum, 10 months ___ . ___ ........... .
750.00
1 copyist, at $720 per annum, 2 months _______ ._ .......... .
120.00
720.00
1 copyist, at $720 per annum._ ... _....................... .

REPORT OF THE EXECUTIVE COMMITTEE.
Salaries or compensation-Continued.
1 modeller, at $720 per annum ........•.............. : . .. .
1 modeller, at $720 per annum, 10 months ................ _.
1 modeller, at $600 per n.nnum, 2 months ................. .
1 clerk, n.t $600 per annum ....... __ ...................... .
1 clerk, at $600 per annum, 11 months 24 days ............ .
1 messenger, at $600 per annum, 8 months 7 days ......... .
1 modeller, at $480 per annum, 10 months ................ .
1 messenger, at $480 per annum, 3 mouths 8 days ......... .
Unclassified or special jobs or contracts ...•..............
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$720.00
600.00
100.00
600.00
590.00
411.29
400.00
134.51
271.41

Total salaries or compensation ................................ $33, 710. 23
Miscellaneous:
Traveling expenses ..................................... .
2,354.76
Transportation of property .............................. .
290.20
115.16
Field subsistence .............. ~- ....................... .
310.71
Field supplies ........................................... .
93.54
Field supplies for distribution to Indians ................ .
. 30
Field material .......................................... .
32.26
Laboratory material .................................... .
Books for library .................................... _.. .
352.16
309.00
Stationery and drawing material ........................ .
840.35
Illustrations for reports ................................. .
439.96
Office furniture ......................................... .
193.41
Office supplies and repairs .............................. .
174.10
Specimens .............. _................. _.......... .. .. .
------

5, 505. 91

Total expenditures ........ _... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39, 216. 14
Bonded railroad accounts settleu by United States Treasury.............
42. 70
Total expenditure North American ethnology ...................... 39, 258.84
Balance July 1,1891. ....... _...................................... 12,774.24
Expenditures ?'eclassified by subject-matter.
Sign language n.nd picture writing...........................
4, 654.40
Explorations of mounds, eastern portion of United States.....
4, 978. 58
Researches in archreology, southwestern portion of the United
States . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
8, 497. 82
Researches, languages of North American Indians . . . . . . . . . . . . 12, 412. 73
Salaries, office of Director.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
4, 202. 46
Illustrations for reports...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
840. 35
Researches among the Pueblos .................... _..........
1, 000. 00
Contingent expenses ................ _. . . . . . . . . . . . . . . . . . . . . . . .
2, 629. 80
- - - - - 39, 216. 14
Bonded railroad accounts settled by United States Treasury . . . . . . . . . . . . .
42. 70
Total expenditure North American ethnology.... . . . . . . . . . . . . . . . . . . 39, 258. 84
Balance July 1, 1891 .............................................. 12, 77t1. 24
SUMMARY.

July 1, 1890: Balance on hand...... . . . . . . . . . . . . . . . . . . . . . . . . . .
Appropriation for North American ethnology....

12, 033. 08
40, 000. 00
- - - - - 52, 033. 08
Expended ........... _............................ _. . . . . . . . 39, 258. 84
Balance on haD<l .July 1, 1891 .............................. 12, 774.24
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Which balance is deposited as follows:
To credit of disbursing agents .. _............... _....... __ ..... _. _. _... _ $6, 066. 94
In the United States Treasury ... __ . _....... __ ......................... _. 6, 707. 30
Balance on hand July 1, 1891-------- ________________ ------ ____ .... 12J 774.24
NATIONAL MUSEUM.
PRESERVATION OF COLLECTIONS, JULY 1, 1890, TO JUNE 30, 1891.

Appropriation by Congress for the fiscal year ending June 30, 1891, "for
continuing the preservation, exhibition, and increase of the collections
from the surveying and exploring expeditions of the Government, and
from other sources, including salaries or compensation of all necessary
employes" (sundry civil act, August 30, 1890) ...... _..•••..••••. _.... $140, 000. 00

Salaries or compensation.
Direction:
1 Assistant Secretary of the Smithsonian Institution, in charge of
the U. S. National Museum, 12 months, at $333.33 ............... .
Scientific staff:
1 curator, 12 months, at $200 ..... - .............................. ..
1 curator, 12 months, at $200 -------- .. ---------- .... -------- ..... .
1 curator, 12 months, at $200 .................................... ..
1 curator, 12 months, at $175 ----------------: ... -------------- ... .
1 curator, 12 months, at $175 ---------- ____ .... ____ .... ___________ _
1 curator, 12 months, at $150 ...... ________ ............ ________ ... .
1 curator, 2 months and 14 days, at $150 .. _....................... .
1 curator, 12 months, at $100 .......................... _......... _..
1 acting curator, 9 months, at $150---------------------- ........ ..
1 acting curator, 12 months, at $125 .... ------------ .......•.. -----·
1 assistant curator, 12 months, at $133.33 ___ ... ______ . _. _.. __ .. __ ..
1 assistant curator, 1month, at $148.33; 2 months, at $145.33; 1 month,
-&-t

~l<\';l,.';l,';l, ·,

l

m~~-tl;>.,

'il."t

~lLi..'l. ,';l,';l, ·,

l

m~~-t"Q..,

'il."t

~l';l,~ .'~';l, ·,

l

m~-.;>.-tl;>.,

$3,999.96
2,400.00
2,400.00
2,400.00
2,100.00
2,100.00
1,800.00
370.00
1,200.00
1, 350.00
1,500.00
1,599.96

'il."t

$137.33; 5 months, at $133.33 ---·-- ...·. _. _. ____ .............. _.. .
1 assistant curator, 3 months, at $125; 1 month, at $50.------ .... ..
1 assistant curator, 12months, at $100. __ ............... __ ...... ___ .
1 assistant curator, 6 months and 25 days, at$140; 2 months, at $100.
1 assistant, 2 months, at $150 ............ _....... _............... ..
1 assistant, 4 months, at $80 ................. _............. -- .... ..
1 assistant, 5 months, at $65 .. _.................................. ..
1 aid, 12 months, at$80 .... ---·-- ---------------------------------1 aid, 12 months, at$80 ...... ---------- ________ -------------- ..... .
1 aid, 12 months, at $75 __ .... _......... _.. _........... _.. _....... ..
il. aid', 1 month, at $75 ...... _.. : ...... ..... _......... _ .. _____ ..... ..
1 aid, 12 months, at $65. __ ........ __ ........................... - .. .
1 aid, 1 month, at $60. ________ ....... _... _... _................... ..
1 aid, 5 months and 18 days, at $60 ___ ..... _..... _... ___ . _.... _. __ ..
1 aid, 7 months and 14 days, at $60. __ ...... ___ . _... _. _............ .
1 aid, 2 mouths, at $50 ___ ...... _. __ ........ _..... _.. __ ... _....... ..
1 aid, 2 months and 26 d;:tys, at $40 _.. _........... _... _....... _. _...
1 aid, 9 months and 20 days, at $40 _. ___ ... _.. _.. ___ ... _..... _.... ..
1 aid, 4 months, at $40. _....... _...... _... _ ....... _ .. _. _. _. _..... ..
1 collector, 3 months, at $200 ................. : _.. _...... _....... ..
1 collector, 12 months, at $100 ......... _........... __ ............. .
1 collector, 9 months at $80 .... ------ ........................... ..

1,667.96
425.00
1,200.00
1,152.90
300.00
320.00
325 00
960 00
960.00
900.00
75.00
780.00
60.00
336.00
448.00
100.00
113.55
386.67
160.00
600.00
1,300.00
720.00
32,410.04
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Clerical staff:
1 chief clerk, 12 months, at $175 ...•...............................
1 corresponding clerk, 12 months! at $158.33 ....................... .
1 registrar, 12 months, at $158.33 .................................. .
1 disbursing clerk, 12 months, at $100 ............................. .
1 draftsman, 12 months, at$83.33 ................................. .
1 assistant draftsman, 12 months, at$40 ........................... .
1 clerk, 10 months, at $125; 2 months, at $100 ...................... .
1 clerk, 12 months, at $115 ........................................ .
1 clerk, 12 months, at $115 ........................................ .
1 clerk, 12 months, at $100 ........................................ .
1 clerk, 12 months, at $90 ......................................... .
1 clerk, 12 months, at $90 ......................................... .
1 clerk, 12 months, at $83.33 ....................................... .
1 clerk, 8 months, at $85; 4 months, at $75 ......................... .
1 clerk, 12 months, at $75 ......................................... .
1 clerk, 12 months, at $70 ......................................... .
1 clerk, 11 months and 18 days, at $60 ............................. .
1 clerk, 15 days, at $60 ............................................ .
1 clerk, 12 months, at $60 ......................................... .
1 clerk, 12 months, at $60 ......................................... .
1 clerk, 8 months, at $55; 4 months, at $50 ......................... .
1 clerk, 12 months, at $55 ......................................... .
1 clerk, 11 months and 29 days, at $55 ............................. .
1 clerk, 12 months, at $50 ......................................... .
1 clerk, 12 months, at $50 ......................................... .
1 stenographer, 10 months and 25 days, at $50 ..................... .
1 typewriter, 12 months, at $50 .................................... .
1 typewriter, 11 days, at $60 ...................................... .
1 copyist, 10 months, at $60; 2 months, at $40 ...................... .
1 copyist, 12 months, at $55 ....................................... .
1 copyist, 12 months, at $50 ......•..... ~ .....................•.....
1 copyist, 12 months, at $50 ...............................•..•.....
1 copyist, 12 months, at $50 ....................................... .
1 copyist, 12 months, at $50 ................................•......•
1 copyist, 12 months, at $45 ...................................•...•
1 copyist, 12 months, at $40 ..............................•....•.•••
1 copyist, 12 months, at $40 ...............................•......••
1 copyist, 11 months and 16 days, at $40 ........................... .
1 copyist, 27 days, at $40 ......................................•.••.
1 copyist, 8 months and 2 days, at $40 ..........••...............••.
1 copyist, 12 months, at $35 ....................................... .
1 copyist, 12 months, at $35 ..................•.•..••.....•......•.•.
1 copyist, 1 month and 33 days, at $30 .....................•.....•..
1 copyist, 12 months, at $30 ...............................•........
1 copyist, 12 months, at $30 ....................................... .
1 copyist, 1 month, at $30 .........•................................

xxvn
$2,100.00
1,899.96
1, 899.96
1,200.00
999.96
480.00
1,450.00
1, 380.00
1.• 380.00
1,200.00
1, 080.00
1,080.00
999.96
980.00
900.00
840.00
696.00
29.03
720.00
720.00
640.00
660.00
658.17
600.00
600.00
540.32
600.00
21 29
680.00
660.00
600.00
600.00
600.00
600. 00
540.00
480.00
480.00
460.65
33.55
322.58
420.00
420.00
62. 52
360. 00
360.00
30.00
34,063.95

Preparators:
1 artist, 12 months, at $110 .•......................................
1 photographer, 12 months, at $158.33 ............................. .
1 taxidermist, 12 months, at $125 ................................. .
1 taxidermist, 12 months, at $120 ................................. .
1 taxidermist. 12 months, at $80 ..............................•.•..

1,320.00
1,899. 96
1,500. 00
1,440.00
960.00
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Pre parators-Continued.
1 taxidermist, 12 months, at $60 .................................. .
1 assistant taxidermist, 12 months, at $60 ......................... .
1 assistant taxidermist, 3 months, at $40 .......................... _
1 preparator, 11 months, at $100 .................................. .
1 preparator, 12 months, at $80 .............................. ___ .. .
1 preparator, 12 months, at $75 ................................... _
1 preparator, 12 months, at $60 ...................... ____ ......... .
1 preparator, 32 days, at $50 ...... __________ ...................... .
1 preparator, 190 days, at $3 ...................................... .
1 preparator, 15 days, at $3.20 .......... ____ ...... ________________ _
1 assistant preparator, 1 month, at $66; 1rnonth, at $59; 1 ~onth, at
$57.50; 1 month, at $57; 1 month, at $56.50; 1 month>at $55.50; 1
month, at$55; 1 month, at $52; 1 month, at $49; 1month, at $47.50;
1 month, at $451; mouth, at$44 .. .............................. .

$720.00
720.00
120.00
1,100.00
960.00
900.00
720.00
51.62
570.00
48.00

644.00
13,673.58

Buildings and labor:
1 superintendent of buildings, 12 months, at $137.50 .............. .
1 assistant superintendent of buildings, 12 months, at $90 ......... .
1 chief of watch, 12 months, at $60 ............................... .
1 chief of watch, 12 months, at $60 ............................... .
1 watchman, 12 months, at $50 ................................... .
1 watchman, 12 months, at $50 ................................... .
1 watchman, 12 months, at $50 ................................... .
1 watchman, 12 months, at $50 ..................................... .
1 watchman, 12 months, at $50 ......................•....••........
1 watchman, 12 months, at $50 .........................•.......•...
1 watchman, 12 months, at $65 ...................................•.
1 watchman, 12 months, at $50 .................................... .
1 watchman, 12 months, at $50 .................................... .
1 watchman, 12 months, at $50 ....................... _... _........ .
1 watchman, 12 months, at $50 ................................... ..
1 watchman, 12 months, at $50 ................................. __ ..
1 watchman, 8 months, at $50 ...................... ... ........... ..
1 watchman, 11 months and 27 days, at $50 ........................ .
1 watchman, 10 months and 47 days, at $45 ........................ .
1 watchman, 11 months and 28 days, at $45 ........................ .
1 watchman, 4 months, at $50; 5 months and 90 days, at $45 ...•...
1 watchman, 9 months, at $40 ..................................... .
1 skilled laborer, 12 months, at $50 ................................ .
1 skilled laborer, 7 months, at $50; 3 months and 52 days, at $40; 10
days, at $2 ..................................................... .
1 skilled laborer, 7 months, at $50 ................................. .
1 skilled laborer, 106 days, at $2 .................................. .
1 skilled laborer, 5 months, at $45; 27 days, at $1.50 ............... .
1 skilled laborer, 4 months, at $45; 2 months, at $46.50; 1 month,
at $52.50 ...................................................... .
1 skilled laborer, 52 days, at $2 ................................ _.. .
1 skilled laborer, 2 months, at $45 .................... _........... ..
!laborer, 6 months, at $46; 3 months, at $47.50; 3 months, at $43 ...
1laborer, 315 days, at $1.50 ...................................... ..
1laborer, 12 months, at $45 ...................................... ..
1laborer, 12 months, at $40 .................................. __ ... .
!laborer, llt da.YSJ at $1.50 ...................................... ..

1, 650.00
1,080.00
720.00
720.00
600.00
600.00
600.00
600.00
600.00
600.00
780.00
600.00
600.00
600.00
600.00
600.00
400.00
593.55
518.23
537.00
555.65
360.00
600.00
208.26
350.00
212.00
265.50
325.50
104.00

90.00
547.50
472.50
540.00
480.00
17.25
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Buildings and labor-Continued.
1laborer, 3 months, at $44.50; 2 months, at $46; 3 months, at $43;
3months, at$41.50; 1month, at $47.50 .................. __ ..... .
11aborer, 24 days, at $1.50 ........................................ .
1laborer, 2 months, at $43; 6 months, at $40; 2 months, at $41.50 .. .
1l::iborer, 10 months, at $40; 2 months, at $41.50 ................. .
!laborer, 12 months, at $40 ...................................... .
1laborer, 316 days, at $1.50 ................... ------ -----· ....... .
1laborer, 11 months, at $40; 1 month, at $41.50 ................... .
llaborer, 276 days, at $1.50; 1 month, at $47.50; 1 month, at $48 .. .
1laborer, 6 months, at $39; 1 month, at $37.50; 2 months, at $40.50;
2 months, at $36; 1 month, at $43.50 ....... ---- ................. .
1laborer, 316 days, at $1.50 ................... ---- ...... -----· ... .
1laborer, 9 months, at $40; 3 months, at $41.50 .•...... ---- ....... .
1laborer, 11 months 16 days, at $40 .............................. ..
1laborer, 323 days, at $1.50 .................... --.- ............. ..
!laborer, 8 months, at $40; 2 months, at $41.50; 1 month, at $38.39.
!laborer, 261 days, at $1.50 ...................................... _
!laborer, 27 days, at $1.50 .............. -- ...................... ..
!laborer, 20! days, at $1.50 ...................................... .
!laborer, 4 days, at $1.50 ........... --- ................... --- _ ... .
!laborer, 4 days, at $1.50 ....................................... __
!laborer, 4 days, at $1.50 ................... --- ......... -.· .... ___ .
!laborer, 4 days, at $1.50 ....................................... ..
!laborer, 3 days, at $1.50 ....................................... ..
1 attendant, 12 months, at $40 .................................. ..
1 attendant, 12 months, at $40 --- ............................. _...
1 cleaner, 12 months, at $30 ... _................................. ..
1 cleaner, 12 months, at $30 ... _............................... _...
1 cleaner, 12 months, at $30 ................................. __ .. ..
1 cleaner, 12 months, at $30 ..................................... ..
1 cleaner, 313 days, at $1. ..................... ---- ............ ___ _
1 cleaner, 300 days, at $1. ....................................... ..
1 messenger, 4 months, at $25; 8 months, at $35 ... __ .......... __ ..
!messenger, 1 month 3o days, at $20 ............................ ..
1 messenger, 12 months, at $45 ..... _... _............... _......... .
1 messenger, 12 months, at $25 ..................... _____ ......... _
1 messenger, 12 months, at $25 .................................. ..
1 messenger, 3 months 20 days, at $20 ... _............ _.. _........ .
!messenger, 12 months, at $35 ..... ------------ ................ ___ _
1 messenger, 12 months, at $45 . __ ..... __ . ___ .. __ ...... ___ . _.. ___ ..
1 messenger, 4 months, at $20; 7 mouths 30i days, at $30 ...... _. __ .
1 messenger, 64 days, at $20 ............ _... ___ .................. ..
1 messenger, 8 months 10 days, at $25 ..... ___ ... _........ _........ .
1 messenger, 8 mouths, at $20 ........ _•.•.. ___ •••••• ___ .......... _
1 messenger, 14 days, at $20 .. _........... _.. _...... ___ .. _. _.. ___ ..
1 messenger, 79 days, at $1. 25 _... ____ ............ __ ..... _.... _.. _.
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$526.50
36.00
409.00
483.00
480.00
474.00
481.50
509.50
168.00
474.00
484.50
460.64
484.50
401.39
391.50
40.50
31.13
6.00
6.00
6.00
6.00
4.50
480.00
480.00
360.00
360.00
360.00
360.00
313.00
300.00
380.00
43.65
540.00
300.00
300.00
72.90
420.00
540.00
319.52
41.70
208.06
160.00

9.m
98.75
31,837.91

Special services by job or contract ... _................. _.... __ ..

1,315.28

Total services .......................... _......... . • . . • . . . . • . . . . .

117, 300. 52
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SUMMARY.

Salaries, preservation of collections, 1891:
Direction .... --- .... --- .. ----.------ .... ---- ............
Scientific staff . . . . . . . • . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .
Clerical staff . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Preparators ........... ------ ...................... -- ....
Buildings and labor .. - ............................ _....
Special or contract work ............. __ ... . . . . . . . . . . . . . .

$3,999.96
32, 410. 04
34, 063. 95
13,673.58
31, 837. 71
1, 315. 28

Total salaries or compensation .................................. $117, 300. 52
Miscellaneous:
Supplies ....•..... ____ ------ ______________ ------------ .• 3,052.32
Stationery ....•............... _... __ .. _...... _... __ . _.. . 1,653.02
Specimens _. _............................. _... _... ____ .. 6,211.40
Books and periodicals ............................. _____ .
825.40
Travel ..................•.......................... ~ . . . . 1, 114. 78
Freight and cartage . . . . . . . . . . . • • • • . . . . . . . • • • • • . . . . . . . . . 1, 862. 57
- - - - - 14, 719. 4-9
Total expenditure to June 30, 1891, for preservation of collections,
1891
132, 020. 01
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Balance, July 1, 1891, to meet outstanding liabilities ........... .

7,979.99

FURl\TJ:TURE AND FIXTURES, .TUL Y 1, 1890, TO .TUNE 30, 1891. _

Appropriation by Congress for the fiscal year ending June 30,
1891, "for cases, furniture, fixtures, and appliances required
for the exhibition and safe keeping of the collections of the
National Museum, including salaries or compensation of all
necessary employes" (sundry civil act, August 30, 1890) .... _..... _..... $25, 000.00
Salaries or compensation:
1 engineer of property, 6 months, at $175; 6months, at $150. $1,950.00
1 clerk, 12 months, at $75 ..... - ........... -... __ . . . . . .. . . . .
900. 00
1 copyist, 8 months, at $60; 4months, at $55 ........ . .. ___ _
700.00
1 cabinetmaker, 299 clays, at $3 ---- .... ---- ............... .
897.00
1 carpenter, 1 month 10 days, at $91 ............... _.... _..
120.35
1 carpenter, 313 days, at$3 ........ . ...................... .
939.00
1 carpenter, 313 days, at $3 ---- ......................... . ..
939.00
1 carpenter, 313 days, at $3 .... . ... _. _.. ___ ... __ ..... __ .. ..
939.00
1 carpenter, 307! days, at $3 .... ---- ........ . ... ____ ...... _
923.25
1 carpenter, 156t days, at $3 ........ _..... _.......... . . _... _
469.50
1 carpenter, 183t days, at $3 ............................... _
550.50
1 carpenter, 70t days, at $3 ............... _.. _...... . .. . ... .
211.50
1 carpenter, 28 days, at $3 ..... _........... _..... ___ .... _. _
84.00
1 carpenter, 19 days, at $3 ............. _....... ___ . _....... .
57.00
1 carpenter, 36 days, at $3 ... __ .. ___ .. _... __ ...... __ .. __.. _.
108.00
780.00
1 painter, 12 months, at $65 ---------------------- ____ .....
1 skilled laborer, 313 days, at $2 ....•......................
626.00
513.00
1 skilled laborer, 256t days, at $2 ...... ------------ ....... .
1 skilled laborer, 209-! days, at $2. _................ _... ___ .
418.50
200.00
1 skilled laborer, 4 months, at $50 .......... ------------ ... .
1 skilled laborer, 5 months, at $50 .... __ ......... _.... ____ _
250.00
1 skillecl laborer, 3 months, at $45; 1 month, at $46.50; 1
month, at $49.50 ...... ____ •... ------ .......... ------ .... .
231.00
1 skilled laborer, 8 months, at $45; 1 month, at $48; 1 month,
at $46.50 •..•...••••..••••................•••..•.........
454.50
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Salaries or compensation-Continued.
1laborer, 2 months, at $40 ........•..........••..•••.......
1laborer, 2 months, at $40 ............................... ~.
1laborer, 3 months, at $45; 81 days, at $1.50 ............. .
1laborer, 302 days, at $1.75 .............................. .
Special or contract service .........•......................

XXXI

$80.00
80.00
256.50
528.50
19.00

Total expenditure for salaries or compensation ................. $14, 212. 52
Miscellaneous, materials, etc:
Exhibition cases ......................................... . 1,295.00
Designs and drawings for cases .......................... .
36.00
Drawers, trays, boxes ................................... .
448.08
Frames, stan us, etc ...................................... .
330.52
Glass .................................................... .
954.56
Hard ware and fittings for cases .......................... .
707.13
Tools .................................................... .
73.67
Cloth, cotton, etc ........................................ .
108.03
Glass j ars ............. , . . . . . . . . . . . . . . . . . . . . .............. .
61.92
Lumber .... ............................................. . 1,364.05
Paints, oils, and brushes .................................. .
565.40
Office furniture .......................................... .
588.22
Tin, lead, and metals .................................... .
268.48
Rubber goods ............................................ .
105.04
Iron brackets ............................................ .
87.10
Apparatus ............................................... .
84.50
Travelling expenses ..................................... .
5.00
. 14.24
Plumbing ...................... : ........................ .
-----

7, 096. 94

Total expenditure, July 1, 1890, to June 30, 1S91, for furniture anu
fixtures, 1891.... . . .. . . . . . . . . . . . . . . . . .. . . .. . . . . . . . . . . . . . . . . . . . . . 21, 309. 46
Balance, July 1, 1891, to meet outstanding liabilities........... . . . .

3, 690. 54

HEATING, LIGHTING, ELECTRIC AND TELEPHONIC SERVICE, J'ULY 1,1890, TO .TUNE
30, 1891.

Appropriation by Congress for the fiscal year ending June 30, 1891, "for
expense of heating, lighting, electrical, telegraphic, and telephonic serv' ice for the National Museum" (sundry civil act, August 30, 1890) .... $12,000.00
Salaries or compensation:
1 engineer, 7 months, at $115 ........................... ..
1 fireman, 12 months, at $50 ............................. .
1 fireman, 12 months, at $50 ............................. .
1 fireman, 10 months, 59t days, at $50 ................... .
1 fireman, 9 months 5 days, at $50 ...................... .
1 fireman, 8 months 15 days, at $50 ..................... .
1 fireman, 1 month 14 days, at $50 ...................... .
1 telephone clerk, 12 months, at $60 ..................... .
1 assistant telephone clerk, 12 months, at $35 ............ .
1 laborer, 226 clays, at $1.50 ............................. .
Special-service contract ................................. .

$805.00
600.00
600.00
597.56
458.33
424.19
72.58
720.00
420.00
339.00
48.25

Expenditure for salaries . . . • . . . • . . . . . . . . . . . . . . . • . . . .. . .

5, 084. 91

XXXII
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General expenses:
Coal and wood.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $2, 766. 96
Gas. _. _.... __ .... _...... _. . . . . . . . . . . . . . . . . . . . . . 1, 233. 84
Telephones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
604. 40
Electric work...................................
7. 50
Electric supplies... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
905. 68
Rental of call boxes . . . . . . . . . . . . . . . . . . . . . . . . . . . .
100. 00
Heating repairs and work, heating supplies.....
448.95
Travel............ . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
5. 42
- - - $6,072.75
Total expenditures, .July 1, 1890, to June 30, 1891, for
heating, lighting, etc .......................................... $11,157.66
Balance, July 1, 1891, to meet outstanding liabilities .............. .

842.34

POSTAGE, JULY 1, 1890, TO JUNE 30, 1891.

Appropriation by Congress for the fiscal year ending June 30, 1891, ''for
postage stamps and foreign postal cards for the National Museum"
(sundry civil act, August 30, 1890) .................................... .
City post-office, for postage and postal cards ............................ .
Appropriation all expended July 1,1891.

$300.00
500.00

PRINTING, JULY 1, 1890, TO JUNE 30, 1891.

Appropriation by Congress for the fiscal year ending June 30, 1891, "for
printing labels ancl blanks for the use of the National Museum, and for
'Bulletins' and annual volumes of the 'Proceedings' of the National
Museum .............................................................. 10,000.00
Bulletins Nos. 36, 38, 39; Special Bulletin No. 1 ................. $1, 100. 27
Proceedings, Vols. XII, XIII, XIV .••• ~. • • • • . • • • . . . . . • . . . . . . . • • • • . 3, 398. 56
Extras from reports.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
783. 46
Circulars . . • . . . . . . . . • . . . . . . . . • • • . . . . . . . . . .•. . . . . . . . . . . . . . . . . . . .
3. 93
Labels for specimens.... . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2, 438. 81
Letter heads, memorandum pads, and envelopes...... . . . . . . . . . .
170. 21
Blanks . . . . . . . . . . . . . • . . . . . • . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
682. 26
Catalogue cards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
337.85
Congressional Records . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..
20. 00
Total expenditure, July 1, 1890, to Juno 30, 1891, for printing, National Museum ....................................... _...

8, 935.35

Balance July 1, 1891 . . . . . . . .. . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1, 064. 65

PERKINS COLLECTION OF PREHISTORIC COPPER IMPLEMENTS.

Appropriation by Congress "to enable the Secretary of the Smithsonian
Institution to purchase from Frederic S. Perkins, of ·wisconsin, his collection of prehistoric copper implements" (deficiency act, September
30, 1890) --- .... ---.- .. --- ... - .. -.------ .... -.------ .. --- .. ---- .... -.-- 7,000.00
F. S. Perkins, collection of prehistoric copper implements .. _............ . 7,000.00
(Paid direct by Treasury Department to F. S. Perkins.)
PAYMENT TO DAUGHTERS OF THE LATE JOSEPH HENRY, SECRETARY OF THE
SMITHSONIAN INSTITUTION.

Appropriation by Congress ''for payments to the daughters of the late
Joseph Henry, Secretary of the Smithsonian Institution, for valuable
public services rendered by him" (sundry civil act, March 3, 1891) ..... 10, 000.00
Payment of above direct by Treasury Department to Mary, Helen, and
Caroline Henry, daughters of Prof. Joseph Henry ..••...•• __
101 000. 00
!

. • • • _. _ . . .
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PURCHASE OF THE CAPRON COLLECTION OF JAPANESE WORKS OF ART.

Appropriation by Congress "for the purchase of' the Capron col!ection of
Japanese works of art,' now on tcrnporary deposit in the National Museum, at Washington, District of Columbia" (sundry civil act, March
3, 1891) - - -.- - - - - - -- - - - - - - . - - - -- - ---. - .. - --- - - - - -- - -- - - - - . - - - - - - - - - - - -- $10, 000. 00
Payment of above direct to the heirs of Horace Capron by the Treasury
Department ____________ .... ____ . _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 000. 00
OTHER MUSEUM .APPROPRIATIONS.
PRESERVATION OF COLLECTIONS, 1888-'8!l.

Balance, July 1, 1890, as per last annual report...... . . . . . . . . . . . . . . . . . . . . . . $15. 18
Expenditures from July 1, 18901 to July 1, 1891:
Supplies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $13. 00
Freight .............................. -·----·- .... ---·------....
2.15
15.15
Balance July 1, 1891... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. 03

Carried, under the action of Revised Statutes, section 3090, by the Treasury Department, to the credit of the surplus fund, June 30,1891:
PRESERVATION OF COLLECTIONS, 1890 .
I

Balance, July 1, 1890, as per last annual report ....... _.... __ . __ .......... $3, 848. 76
Expenditures from July 1, 1890, to Jnly 1, 1891:
1 curator, 1 month . ___ . _____ . _............... _... _ $100.00
1 collector, 4 months, at $200. __ . _... __ . ________ .... 800. 00
1 copyist, 8 da~r s, at $1.50 _. _. __ ______ ______ _______ 12. 00
Special-contract work_. _________ . _. _. ___ .. _ _______ 634. 7R
- - - - $1, 546. 78
Supplies_._ .. __ .... __ .... ____ . __ . ____ . __ .... _. ______ ... _..
317.90
Stationery .... __ ............ ____ .. __ .. __ .... ______ .. ___ .__
75.79
Specimens __ .. _________ .. _...... _.. ____________ . __ ____ ____ 1, 132. 50
Travel .... _________ .......... _.... _. __ . ______ . __ . _ ______ __
326. 39
Freight ____ . __ . ___________ . _ . _________ . ___ ____ ____ ____ ____
244. 27
Books ___________ .. __ .. _. __ .... ___ .. __________ . _____ . _ ____
190. 21
Expenditure to July 1, 189L __ .. __ . __ .. ______ . _... _______ . _. __ . ____ 3, 833.84
Balance, Jnly 1, 189L _.. _. _. __ .. ___ . _________ . ___________________ _

1-1.92

Statement of total CX]Jendiittres of the appTopriai'ion fm· p1·eservation of collectious, 1890.
Expenditures.
From July 1,
188&, to June
30, 1890.

For salaries.-- .. -................................ ......
l:iupplies ......... .. ..... .............. .................
Stationery ..... - ...................................... _
Specinens ... ........... _......... _.. _.. _........ __ .. ..
Travel .......................... _. _................. _..
Freight . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
nooks ................................................. _

$118, 378. 99
4,952.67
2, 307. 60
5, 141. 48
*1 646 42
2: 416: 92
1, 307. 61

I

*Disallowance, 45 cents.

1--III

Total ioJune
:JO, 1891.

30, 1891.

:~ L19.

$1. 546 78
I

TotaL .......................... _.... ____ ......... - - 1 :l6, 151:69

H. Mis. 334, pt.

From July 1,
18~0 , to,June

=-

:n7.90
75. 79
1, 132. 50
326. 30
244. 27
190. 21
3, 833. 84

I

925. 77
5,270.57
2, 383. :~9
6. 273. !lS
1, 972. 36
2, 661. 19
1, 4P7. 82

~-B!l, 985. 08

XXXIV

REPORT OF THE EXECUTIVE CO.MMITTEE.
.F1u·ni.ttwe anil .fixt111·es, 1889.

Balance as 11er last annual report ............................................ $0. 40
Carried under the action of Revised Statutes, section 309U, by the Treasury Department, to the credit of the surplus fund, June 30, 1891.
Fw·nitu1·c and ji.rtttres, 1890.

Balance July 1, 1890, as per last annual report ......................... __ $1, 192. 41
Expenditures from July 1, 1890, to June 30, 1891:
Special services.... . . . . . . . . . . . . . . ........................... $10. 00
Designs and drawings for cases .......................... _.. _ 40.75
Frames, stands, etc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11. 60
Glass ......... - ... -.- --- .. -.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105. 32
Hard ware . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 353. 22
Tools . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
4. 70
Lumber...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 183. 21
Paints ...................................................... . 43.55
Office furniture ................................. ...... ______ _ 63.17
Tin, lead, etc ................................ __ ......... ____ _ 12.50
Rubber goods .................................. _____________ _ 19.41
Apparatus ................................ __ ... __ ... __ . _____ _ 339.75
Travelling expenses ......................................... .
4.95
Total expenditure.............................................

1, 192. 13

Balance July 1, 1891 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. 28

Statement of total expendittwes of app1·opriation for furnitttre and jixtu1·es, 1890.
From July 1,
1889, to June
30, 1890.

---------------------------------------l-----------1------ --- ------- -Salaries ............................................... .
Exhibition cases ...................................... .

E~!~~~:s~ ~~a~~~';~dgbo~~-s c-~~~~ :::::: :::: :: ::::::::::: :
1

Frames, stands, et.c . . . . .............................. .
Glass ..... ............. . ...... .. .. ............. ....... .
Hardware ............................................ .
Tools .................................................. .
Cloth, cotton, etc ................. .................... . .
1 ;]ass jars ............................................. .
Lnmber ................ ....... .... . ........ ...... ..... .
Paints. oil, and brushes ............................... .
Office thrniture ............ . ........... .... ...... ..... . .
Chairs for halls ...................................... .
Tin , learl, etc ....... .............. ... ... . ............ . .
Brick and plaster ..................................... .
Rnbber goous ......................................... .
Iron brackets .... . ........ ...................... ...... .

~ff,.~iil:; ~~:Pe~~~~-:::: ::::::::::::::::::: ~::::.: .: :::
Total. ...................................... ..... .

$15,926.21
$10.00
4, 366.77 ... --- . -- .. .. - 57.00
40.75
931.. 48 --------··-----!58. 84
11.60
1, 875.38
105.32
1.291.07
35:!. 22
107.:17
4. 70
85.97 ---------------095.45 .. ...............
1, 276. 88
183. 21
681.68
43.55
605.19
63. 17
51.00 ----------·----90. !18
12. 50
98.00 -·-· ·------ ----]9. 41
40.87
130.00 ------··········'
605. 50
339.75
31.95
4. 95
~

-----------

28,807.59

-------- J' 192.13

$15 93fi. 21
4, 35(1. 77
97.75
931. 4R
170. 44
1, !180. 70
l, 644.29
112. 07
85.97
3H5. 45
], 460.09
725.23
668. :!6
51.00
103.48
!18.00
6U. 28

130.00
945.25
36 9J
· -- - - -

29, 999.72

Heat-ing, lighting, etc., 1889.

Balance as per last annual report .... __ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $3. 99
Carried under the action of Revised Statutes, section 3090, by the Treasury De·
partment to the credit of the surplus fund, Jnne 30, 1891.
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HAating, lighting, etc., 1890.
Balanc(} July 1, 1890, as per last report.... . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . $2, 327. 15
Expenditures from July 1, 1890, to June 30, 1891:
For gas.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
$74. 50
For telephones...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
201. 00
For electric work ........................................ _
60. 00
For electric supplies ..................................... . 1,962.00
For rental of call-boxes ................................... .
20.00
For heating supplies...... . . . . . . ........................ .
7.80
Total expenditures...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2, 325. 30

Balance July 1, 1891 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1. 85

Statemr.nt of total expenditnres of app1·opriai'ion fm· heating, lighting, etc., 1890.

Salaries .... __ ....................... -..................

g~~
-~~~- ~~~~- ::: : ::::::::: : :::::: :::::: : : : ::::: : :: : :::
Telephones __ ...... __ .............. --.--- ... ---- ... -... 1

From July 1,
1889, to June

From July 1,
1890, to Jime

ITo.tal
, to Jnne

30. 1890.

30, 1891.

30, 1891.

$5, 114. 87 ................

i; ~6~0~1-.· ~0~5

I

i: 8o~2:. ~o'~5>

I

Electric work_ .......... _. __ . __ ..... __ ... __ .... ________
Electric supplies ___ .. ______ . __ . ____ . ___________ . __ ._.__
Rental of call-boxes ............. _...... _............ _..

15±. 40
110. 09
100. 00

Heating repairs .................. - ............... - .... -

1246397. :-~25~ _- -----. -_ ·_·_-_-_ -. -_7-_.·_;;_(·!-. l

?f::;~~ftnS~l~~~:~~~~-:::::::::::::::::::::::::::::::::::

$5, 114. 87
05
81

......... $2. 7o. 14. ·.· 5o- 0o-- j
60. 00
1, 962. 00
20. 00

214. 40
2, 072. 09
120. 00

21~395.·. 622556

o

v

Total ..... ..... _... _............ _.. ____ ... _... ____ -~72. 85 ~ --2, 325:3() --u, 998. 15
1

National Jriuseum-Printing, l890.
Balance July 1, 1890 ......... - ................................ _ . . . . . . . . . . . .
Remaining in United States Treasury.

$64. 55

NATIONAL ZOOLOGICAL PARK

Organization, improvement, and maintenance.
Balance .July 1, 1890. . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . $91, 081. 50
Expenditures from J nly 1, 1890, to Jnne 30, 1891:
Shelter of animals .................................... _. $13,631.42
Shelter, barns, cages, fences, etc ........... _......... _. _ 8,G.J.3.33
Rep airs to Holt mansion, etc .................... _....... _ 2,000.()0
Artificial ponds, etc_ ..................... _.... __ ....... .
56. 16
vVater supply, sewers, and drainage __ ............ _.. _.. .
657.14
Roads, walks, and bridges ................... _...... _.. . 10,244.19
Miscellaneous supplies .............................. _.. .
3,974.90
Current expenses ....................................... . 28,432.52
- - - - - - 67, 639. 66
Balance July 1, 1891.... • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

23, 441. 84
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Statement of the total expenclitw·es of the app1·opriation fm· the National Zoological Park,
act of April 30, 18!}0.
From April 30, I From Julv 1, I
J
1890, to June 1890, to June 30, To~a 1 to une
30, 18!JO.

1891.

Shelter of animals....... . .................. ....... .... .
$43.83
Shelter. barns, cages, fences. etc ...................................... .
Repairs to Holt mansion, etc .......................................... .
Artifi0ial ponds, etc ................................................... .
Water supply, sewerage and drainage ................................ .

ii~~~(~ll~::~l~~~~ :~~~!~~~~~~-::::::::::::: ~ ~::: ~:: ~ ~::::::
Current expenses .. . . .. .. .. .. . . . . .. .. .. . . . . . .. .. • .. . .. .
Total. ........................................... .

......... j57." 57.
717. 10

918. 50

I

30, 1891.

$13, 631.42
8, 643. 33
2, 000.00
56.16
657. 14
10,244.19
3, 974.90
28,432.52

$13,675.25
8, 643.33
2, 000.00
56.16
657.14
10,244.19
4, 132.47
29,149.62

67,639.66

68,558.16

Smithsonirm InstUntion building 1·epairs.
Appropriation by Congress" for fire-proofing the so-called chapel of the
west wing of the Smithsonian Institution building, and for repairing
thR roof of t'he main building, and the ceiling and plastering of the main
hall of the building, said work to be clone under the supervision of the
Architect of the Capitol, with the approval of the Regents of the Smithsonian Institution, and no portion of the appropriation to be nse(.l for
skylights in the roofnor for well-hole in the floor ofthe main bnil<ling
( sumlry civil act, Augnst 30, 1890). .. .. .. .. .. .. .. .. . . . .. . . . . .. .. .. .. .. $25, 000. 00
Expentlitures from Angnst 30, 1890, to June 30, 1891:
Achertising. .. .. . . . .. . .. . . . . .. . .. . .. .. .. .. .. .. .. . . .. . .. .
$12. 78
Iron roof and ceiling (contract) . .. .. .. .. . . . .. . . .. . .. . . ..
1, 620. 00
Labor .. .. .. .. . . .. .. .. . . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..
354. 86
Lumber................................................
368.94
Roofing materials ...................................... .
41.90
Stationery, printing, etc ............................... .
5.50
Travelling expenses ................................... .
10.25
-----

2. 414. 23

Balance July 1, 1891 ................. __ ............ __ ........

22, 585.77

Intet·nat.ional excl1a11ges, 1888-1889.
Balance July 1, 1889 ................................................... .
Expenditures from July 1, 1889, to June 30, 1891:
Preight ........................................................... .

21.80

BalauPe .Tnne 30, 1891 ................. _............. .........

. 33

21.47

Carried nnder the action of ReYised Statutes, section 3090, by the Treasury Department to the l'l'e(lit of the surplns fnwl, June 30, 1891.
International e.1·clwnges, 1889-1890.
Balance .Jnly 1, 1890 ................................................. ..
Expentlitnres from July 1, 1890, to June 30, 1891:
:Freight ................................................ .
$11.45
Stationery ancl supplies ................................ .
54

$11.99

11.99
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H.ECAPITUL.A.TION.

The total amount of funds administered by the Institution during
the year ending June 30, 1891, appears from the foregoing statements
and the account books to have been as follows:
SMITHSON IAN INSTITUTION.

From balance of last year, July 1, 1890 (including cash from
executors of Dr. J. H. Kidder, $5,000; including cash from
gift of Dr. Alex. G. Bell, $5,000) _......................... . $30,192.65
From interest on Smithsonian fund for the year ............. . 42,180.00
From sales of publications _.... ___ ......................... .
418.36
From repayments for freights , etc __ ........................ .
6,344.01
Total. __ . ______ .. ___________ . ____ . _____ ... ____________ ....... _. . . $79, 135. 02
APPROPRIATIONS COM!VIITTED BY CONGRE SS TO THE CARE 01!' THE INSTITUTION.

International exchanges:
From balance of year 1888-'89 _____ .. ____ .. ___ ...... _....
From balance of last year, July 1, 1889-'90. _____ . ____ ....
From appropriation for 1890-'91 _... __ .. __ .... . . . . . . . . . • .

$21. 80
11. 99
17, 000. 00

Total. _. __ ......... ____ ...... ________ . ______ . __ . . . . . . . . . . . . . . . . . . $17, 033. 79
North American Ethnology:
From bala.nce oflast year (1889-'90), July 1, 1890 ___ . _... 12, 033.08
From appropriation for 1890-'91. __ ... _.. __ . _. . ...... _... 40, 000. 00
Total. ___ . ___ . _. _ . __ . _____ . _______ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52, 033. 08
Preservation of collections-Museum:
From balance of 1888-'89 _.. __ ..... _____ .. __ ............ .
15.18
From bala,uce of 1889-'BO, July 1, 1890 ____ . _..•...... ____ 3, 846. 76
From appropriation for 1890-'91 ____ . _...... _____ . ___ ____ 140, 000. 00
Total ... ____ . _____ . _. __ . _............ _... _... _____ . . . . . . . . . . . . . . . 143, 863. 94
Printing-Museum:
•
From balance of July, 1889-'90, July 1, 1890 ___ . _____ ... _
64. 55
From appropriation of 1890-'91. _.... __ _... ______ . . . . . . . . 10, 000. 00
Total . .. __ . ___ . ________ . ___ . __________ . _______ . _.... _...... _. 10, 06<1-. 55
Perkin's collection of prehistoric copper implements:
From appropriation for 1890-'91 __ .. ____ ... _... ___ ... _. _ _ 7, 000. 00
Total . . ____ ..... ___ . _........ _. ___ ..... ________ . _.......... _.
Furnitnre and fixtures-Museum:
From balance of 1889-'90, Jnly 1, 1890. _. ____ . _.... __ . __ .
1,192.41
From appropriation for 1890-'91 .... ____ . _. ____ . ____ .. __ _ 25,000.00

7, 000. 00

Total .. __ ._ ... ______ .. _............. _...... _._............... 26, 192.41
Heating, lighting, etc.-Museum:
From balance of 1888-'89 ___ . __ . _.. _... __ ... _...... _.. __ .
3.99
From balance of 1889-'90, July 1, 1890 _. _. _...... _. _. _.. .
2,327.15
From appropriation for 1890-'91 ...... _. _............... _ 12,000.00
Total _............ _. _.. _. __ . _______ . ________ .. __ ... _. _.. _ .. __ 14, 331. 14
Postage-Museum:
From balance of 1889-'90, .July 1, 1890 ___ . _.. _...... ___ . _
500.00
From appropriation for 1890-'91. _. _________ ..... __ ... __ _
500.00
Total _......... _.. _.. _... _... _____ . ___ . _________ . ____ .... __ . .

1, 000. 00
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National Zo(ilogical Park:
From valance of 1880-'90, July 1, 1890 ................... $91, 081. 50
From appropria,tiou for 1890-'91 ............... _-_. . . . . . . . 50, 500. 00
Total ........................................................ $141, 581. 50
Smithsonian Institution-Building repairs:
From appropriation for 1890-'91 . . . . . . . . . . . . . . . . . . . . . . . . . 25, 000. 00
Total ................................................. __ . __ __
Daughters of the la.te Joseph Henry, secretary of the Smithsonian Insti tn tion :
From appropriation March 3, 1891 .. ____________ . __ . __ . __ .... __ . __ ..
Purchase of the Capron collection of Japauese works of art:
From appropriation March 3, 1891 .................... __ ...... __ ... .

25, 000. 00

10,000.00
10,000.00

SUMMARY.

Smithsonian Institution ...... __ .. __ .. __ .... __ .. ________ . __ . __ . __ . __ . __ . $78,135.02
Exchanges ............................... ...... ....................... . 17,033.79
Ethnology ................................... ..... ........... -- - .. - ---- 52,0~3.08
Preservation of collections ............................................ . 143,863.94
Furniture and fixtures ................................................ . 26,192.41
Heating and lighting __ ................................ __ .... __ .. ____ __ 14,331.14
1,000.00
Postage ............................................................... .
Printing .............................. ... .......... ... .. . ............. . 10,064.55
Perkins collection ..................................................... .
7,000.00
Zoological park __ .. __ .. __ .... ____ .. ____ ........ __ ...... __ ............ __ 141,581.50
Smithsonian building repairs __ ........ __ .... __ .. __ .................. .. 25,000.00
Da ngh ters of Joseph Henry .. __ ................ __ ........ __ .......... .. 10,000.00
Capron collection ........ __ .... __ .... _. _.. _.... __ .... __ .......... __ ... . 10,000.00

537,235.43

The committee has examined the vouchers for payments made from
the Smithsonian income during the year ending June 30, 18Dl, all of
which bear the approval of the Secretary of the Institution, or, in his absence, of the Assistant Secretary as Acting Secretary, and a certificate
that the materials anu services charged were applied to the purposes
of the institution.
The committee has also examined the accounts of the" International
Exchanges," and of the "National Museum," and of the "National
Zomogical Park," and finds that the balanc•;s above given correspond
with the certificates of the disbursing clerk of the Smithsonian Institution, whose appointmellt as such uisbursing officer was accepted and
his bonds approved by the Secretary of the Treasury.
The quarterly accounts-current, the vouchers, and journals have been
examined and found correct.
At the laRt session of Congress a change was made in the phraseology
of the appropriation made for ethnological researches (or the Bureau
of Ethnology). Heretofore the appropriation was placed under tbe
direction of the "Secretary of the Smithsonian Institution," and the
Executive Committee decided that it was not their province to examine
the voucher~, although the abstracts of expenditures and balance-sheets
were exhibited to them quarterly. T·be expenditures were made by the
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disbursing clerk of the Burean of T:Dthnology, a howle(l ofiieer approved
aR ~uch by the Treasury Department, and had the approval of Maj.
Powell, the Director of the Bureau, ancl also of tlte Secretary of the
Institution.
'Ilte appropriation for 1890-'91 has been placed by Congress " under
the direction of the Smithsonian Institution," and the committee decided that the accounts and vouchers should be examined by them iu
the same manner as other expenditures for which the Regents of the
Institution are in any (legree responsible.
The disbursement of tlle balance of last year's appropriation bas continued_ in the hands of the disbursing clerk of the Bureau (Mr. J. D.
McChesney), but those of the new avpropriation will he made by the
disbursing clerk of the Smithsonian Institution (1\-Ir. W. W. Karr), accepted as a bonded officer by tlte Secretary of the Treasury.
Staternent of 1·egnlar i ucornefrom tlw Smithsonia 11 fund a railable j'o1· 11sc in the yea1· ending
June SO, 1898.

Balance on lumcl.Juue 30, 1891 (including the cash from execntorsofDr . .J. H. Kiclcler, $5,000; inclncling the cash from Alex.
Graham Bell, $5,000) .... ___________ . ___ . __ ... ...... __ .... ___ . __ . _.. _. $40, 062. 11
Interest due anu receivaLle .J nly 1, 1891 .... ___________ . _____ $21, 090. 00
Interest due and recei vaLle January 1, 1892 ...... _____ . . . . . . 21, 090. 00
- - - - .42, 180. 00
Total available for year ending .June 30, 1892 ... __ ... ___ . ___ . _ ____ 82, 242.1.1

Respectfully submitted.
JAMES

C.

WELLING,

HENRY COPPEE,

M. 0. MEIGS,
Exemtt-ive Committee.
WASHINGl'ON,

D. C., October, 1891.
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ACTS AND RESOLUTIONS OF CONGRESS RELATIVE TO THE SMITHSONIAN
INSTifUTION, NATIONAL MUSEUM, ETC.
(In continuation from previous reports.)

[Fifty-first Congress, second session, 1890-'91.]
SMI'rHSONIAN INSTITU'l'ION :-INTERNATIONAL EXCHANGES.

For expenses of the system of international exchanges between the
United States and foreign countries, under the direction of the Smithsonian Institution, including salaries or compensation of all necessary
employees, seventeen thousand dollars. (Sundry civil appropriation
act, approved March 3, 1891.)
U. S. Geologica,l Survey: For the purchase of necessary books for
the library and the payment for the transmission of public documents
through the Smithsonian exchange, two thousand five hundred dollars.
(Sundry civil appropriation act, approved lVIarch 3, 1891.)
War Department: For the transportation of reports and maps to
foreign countries throtJ.gh the Smithsonian Institution, one hundred
dollars. (Sundry civil appropriation act, approved March 3, 1891.)
~ro pay the Chicago, Hock Island and Pacific Hailroad Company
amount found due by the accounting officers of the Treasury on account
of international exchanges, Smithsonian Institution, being for the
service of the fiscal year eighteen hundred and eighty-nhte, sixty-six
cents. (Deficiency act, Ch. 540, Statutes, p. 866. Approved March 3,
1891.)
Library of Congress: For expenses of exchanging public docnme11ts
for the publications of foreign governments, one thousall(l fiye hundred
dolla,rs. (Legislative, executive, and judicial act, Ch. 541, Statutes,
page 914. Approved March 3, 1891.)
Naval Observatory: For repairs [etc., etc.], * * * including payment tJ Smithsonian Institution for freight on observatory publications
sent to foreign countries, postage, expre~sage [etc., etc.], four thousand
five hundred and fifty dollars. (Legislative, executive, and judicial act,
Ch. 541, Statutes, p. 935. Approved March 3, 1891.)
United States Patent Office: For purchase of books, and expenses of
transporting publications, patents issued by the Patent Office to foreign
governments, three thousand dollars. (Legislative, executive, and judicial act, Ch. 541, Statutes, p. 939. Approved Mar. 3, 1891.)
XLI
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ACTS AND HESOLU'.riONS OF CONGRESS.
U. S. N.A'l'IONAL l\1USEUM.

For continumg the preservation, exhibition, and increase of the colleetions fi'om the surveying and exploring expeditions of the Government, and from other sources including salaries or compensation of all
necessary employees, one hundred and forty-five thousand dollars.
For cases, furniture, fixtures, and appliances required for the exhibUioH and safe keeping of the collections of theN ational Museum, including salaries or compensatien of all necessary employees, twentyfive tlwusand dollars.
For expen~e of heating, lightil1g, electrical, telegraphic, and teleplJOnic service for the Natimtal :!\1nseum, twelve tlwusand dollars.
For removing old boilers under Museum hall in Smithsonian Building, replacing them with new ones, and for necessary alterations, and
counections of steam heating apparatus and for covering pipes with
fireproof material, three thousand dollars.
For removing the decayed wooden floors in the Museum building,
su bstitutiug granolithic or artificial stone therefor, and for slate for
covering trenches containing beatiug and electric apparatus, including
all necessary material and labor, to be immediately available, :five
thousand dollars.
For the purchase of '• the Capron collection of lJ apanese works of
art," now on temporary deposit in the National Museum at Washiugton, District of Cohunhia, ten thousand dollars.
For postage stamps and foreign postal cards for the National Museum, five hundred dollars.
For payment to the daughters of the late Joseph Henry, Secretary
of the SmHhsonian Institution, for valuable public services rendered
by him, ten thousand dollars. (Sundry civH appropriation act, approved Mar. 3, 18!)1.)
Public Printer: For the Smithsonian Institution for printing for the
use of the National Museum not exceeding one thousand dollars.
(Deficiency act, Ch. 540, Statutes, p. 887. Approved March 3, 1891.)
P~tblic Printing and Binding: For tlle Smithsonian Institution for
printing labels and blanks and for the '·Bulletins" and annual volumes
of the "ProceedingR" of theN ational Museum, :fifteen thousand dollars.
(Sundry ciYil appropriation act, approved March 3, 1891.)
To meet customs duties on glass, tin, and other dutiable articles nnd
supplies imported for the United States National Museum, one thousand
dollars. (Deficiency act, Cb. 540, Statutes, p. 86G. Approved Mareh
3, 1891.)
NORTH AMERICAN E'l'HNOLOGY.

For continuing etlmologieal researches among the American Indians,
under the direction of the Smithsonian Institution, including salaries
or compensation of all necessary employee~, fifty thousand dollars.
(Sundry dvil appropriation act, approved March 3, 1891.)
NATIONAL ZOOLOGICAL PARK.

For continuing the eonstruction of roads, walks, bridges, water supply, sewerage, and drainage, and for grading, planting, and otberwi~· e
improving the grounds of theN ational Zoological Park, inch::. ding salaries o1· compensation of all necessary employees, fifteen tlwusa11d dollars.
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For erecting and repairing buildings and inclosures for animals and
for administrative purposes, in the national Zoological Park, including
salaries or compensation of allt1ecessary employees, eighteen thousand
dollars;
For care, subsistence, and transportation of a11imals for the National
Zoological Park, and for the purpose [purchase] of rare specimens not
otherwise obtainable, including salaries or compensation of all neeessary
employees, and general incidental expenses not otherwise provided for,
seventeen thousand five hundred dollars; in all, fifty thousand five
hundred dollars, one-half of which sum shall be paid from the revenues
of the District of Columbia and tile other half from the Treasury of the
United States. (Sundry civil appropriation act, approved March 3,
1891).
ASTRO-PHYSICAL OBSERVA'rORY
For maintenance of astro-physical observatory, under the direction
of the Smithsonian Institution, including salaries of assistants and the
purchase of additional apparatus, ten thousand dollars. (Sundry civil
appropriation act, approved March 3, 1891.)
WORLD'S COLUMBIAN EXPOSI'l'ION.
GovERNMENT EXHIBIT. For the selection, purchase, preparation,
and arrangement of sueh articles and materials as the heads of the
several Executive Departments, the Smithsonian Institution and N ationa! Museum, and the United States Fish Commission may decide
shall be embraced in the Government exhibit, and such additional articles as the President may designate for said Exposition, and for the
employment ofproper persons as offieers and assistants to the Board
of Control and Management of the Government exhibit, appointed by
the President, of which not exceeding five thousand dollars may be
expended by the said board for clerical services, the sum of three hundred and :fifty thousand dollars is hereby appropriated for the service
of the fiscal year ending June thirtieth, eighteen hundred and ninetytwo, and any money~ heretofore appropriatf\d in aid of said Government
exhibit may be used in like manner and for like purposes: Provided,
'fhat all expenditures made for the purposes and from the appropriation herein specified shall be subject to the approval of the said Board
of Control and Management and of the Secretary of the Treasury, as
now provided by law.
.
WORLD's CoLUMBIAN CoMMISSION. For the World's Columbian
Commission, ninety-five thousand five hundred dollars, of which sum
thirty-six thousand dollars shall be used for the Board of Lady l\1.anagers.
For expenses connected with the admission of foreign goods to the
Exposition, as set forth in sectiou twelve of the act creating the Commission, approved April twenty-fifth, eighteen hundred and ninety,
twenty thousand dollars;
For contingent expenses of the W oriel's Congress Auxiliary of the
World's Columbian Exposition, two thousand :five hundred dollars.
And the several sums herein appropriated for the World's Columbian Exposition shall be deemed a part of the sum of one million :five
hundred thousand dollars, the limit of liability of the United States
on account thereof fixed by the act of April twenty-fifth, eighteen
hundred and ninety, autlwrizing said Exposition. (Sundry civil appropriation act, approved March 3, 1891.)

REPORT OF S. P. LANGLEY,
SECRETARY OF THE SMITHSONIAN INSTITUTION,
FOR THE YEAR ENDING JUNE 30, 1891.

To the Board of Regents of the Smithsonictn Institution:
GEN'l'LEMEN: I have the honor to submit herewith my report for the
year ending June 30, 1891, of the operations of the Smithsonian Institution, including the work placed by Congress under its charge in the
National lVIuseum, the Bureau of Ethnology, the International Exchanges, the National ZoOlogical Park, and the Astro-physical Observatory.
I have spoken personally and briefly of matters of chief importance
concerning these various Bureaus, and have then added, for the sake of
completeness, detailed reports from the Bureau of Ethnology, the International Exchange Bureau, the Library, theN ational ZoOlogical Park,
and the Editor in charge of Publications, which are contained in the
Appendix. The work of the National Museum is reported on at length
in a separate volume by the Assistant Secretary in charge.
THE SMITHSONIAN INSTITUTION.
THE ESTABLISHMENT.

I have to record a change in the establishment during the year, 1n
the death of the Hon. William Windom, Secretary of the Treasury,
tOn 29th January, 1891, and the appointment of his successor to the
.Secretaryship, the Hon. Charles Foster.
THE BOARD OF REGENTS.

In accordance with a resolution of the Board of Regents :fixing the
time of the stated annual meeting of the Board on the 4th Wednesday
of January in each year, the Board met on January 28, 1891, at 10
o'clock a. m.
The Hon. Charles Devens, of Massachusetts, whose appointment as a
member of the Board by joint resolution of Congress on May 22, 1890,
was noted in the report for last year, formally declined the appointment
pn account of a provision in the constitution of the State of MassachuH. Mis. 334, pt. 1--1
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setts whereby justices of the supreme judicial court of the Commonwealth
are rendered incapable of holding any place or office from any other
State, Government, or power whatever. I regret to add that Judge
Devens died on the 7th of January, 1891.
The vacancy in the Board has not yet been filled.
The Ron. George Bancroft and Gen. William T. Sherman have died
during the year. The lives of these two eminent men have made their
loss a national one, so widely known, and accompanied by obituary notices so general and so complete, that to repeat them here would be a
work of superfluity. Reference is made to them elsewhere in the necrologic notices only so far as relates to their connection with the Board
of Regents.
Mr. Justice Miller, whose death occurred on the 16th of November,
1890, is also to be mentioned here, having been, as acting Chief Justice,
elected temporarily Chancellor of the Board. He served in this capacity from March 27, 1888, to January 9, 1889. It would be superfluous,
as in the former cases, to do more than to note the fact and with it torecall the sincerity of the respect and the warmth of the regard which all
felt for him who knew him in this or in any other capacity of his eminent
official life.
ADMINISTI~ATION.

I wish again to remark that the great extension of the interests confided to the Institution make the duties of the Secretary and his assistants altogether different from what they were in its early history. The
change brought about by constant growth of its activities has been so
uniform in its progression that there has been no particular moment at
which it seemed possible to say that the burden of the work had grown
to transcend wholly the means for effecting it. At present I feel confident that I am justified in saying that such is the case, and that some
provision must now be made for enabling the Secretary and his immediate assistants to have additional aid in this administration of the
affairs of the General Government from some source not provided for
out of the already insufficient funds of the parent institution.
This institution administers large Government interests, while no appropriation has been made by Congress for the expense of such administration, such as is made in all other analogous cases, and this expense
is directly represented by an increment of the expenditure of the parent
institution, chiefly under the head of salaries, which are not needed for
the purposes of the original fund alone.
FINANCES.

I have in a previous report referred to the fact that owing to the
changing value of money, the purchasing power of the Smithsonian
fund, in the language of a committee of the Regents" while nominally fixed, is growing actually less year by year, and of
less and less importance in the work it accomplishes with reference to
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the immense extension of the country since the Government accepted
the trust; "
so that it seems most desirable that the fund should be enlarged, if
only to represent the original position of its finances relatively to those
of the country and institutions of learning.
Everything which has occurred since this was written increases the
force of the observation. I only remark upon it here to say that I have
taken some pains to invite the attention of those who are seeking a
trustee for the disposition of means intended for the advancement of
knowledge, to the especial guaranties for security offered by the administration of the Regents.
It is proper to mention, in this connection, that I have during the past
year come into communication with a gentleman who desires to donate
$200,000 to the fund, provided he can do so on certain conditions, with
regard to which I have not felt myself authorized to act without consulting the Regents, and as, nevertheless, they can not be assembled
during the present year, I have taken the unusual step, justified by the
occasion, of telegraphing to each individual member of the body to ask
his opinion.
Favorable opinions have been received in answer to this from nearly
all the Regents and I may anticipate a statement properly belonging
to a later report when I say that the sum in question has since been
placed in my bands by the donor, Mr. Thomas G. Hodgkins, of Setauket, Long Island, to be tendered to the Regents at their next meeting.
The invested funds of the Institution are as follows, being in the
same condition as in my last report:
Bequest of Smithson, 1846 _______________________ - _ - ____ - _-- _ ______ ____ $515, 169. 00
Residuary legacy of Smithson, 1867 _____ - _______ - ___ - ____ -- _--- ______ __ 26, 210. 63
Deposits from savings of income, etc., 1867 ______________ .. _____ ______ __ _ 108, 620. 37
Beqnest of James Hamilton, 1874 ________________ - -- _____ --- _______ - ___
1, 000. 00
Bequest of Simeon Habel, 1880 _--- -- _- ______ ---- _--- _--- ---- ---- ______
500. 00
Deposits from proceeds of sale of bonds, 1881_ ___ ____ _ ____ ______ ____ ____ 51, 500. 00
Total permanent Smithsonia.n fund in the Treasury of the United
States, bearing interest at 6 per cent per annum ______ ____ _ ____ 703, 000. 00

At the beginning of the fiscal year the balance on hand was $30,192.65.
Interest on the invested fund, amounting to $42,180, has been received
from the Treasurer of the United States during the year, and from sales
of publications and miscellaneous sources, including repayments on account of international exchanges, $6,762.37, making a total of $79,135.02.
The total expenditures, as shown in detail in the report of the executive committee, have been $39,072.91, leaving an unexpended balance
on June 30, 1891, of $40,062.11. This includes a sum of $10,000, the
amount of a bequest of $5,000 from the late Dr. J. H. Kidder and a
donation of a like amount from Dr. Alexander Graham Bell personally
to the Secretary for physical investigations, which was, with the donor's
consent, deposited by the Secretary to the credit of the funds of the Institution subject to order. Neither of these sums, then, forms a portion
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of the invested funds, and both have been held in the hope that Congress would later provide a site for a permanent building for the astrophysical observatory. The balance then available for the general
purposes of the Institution on July 1, 1891, was $30,062.11, but this is
in part held against various liabilities for scientific purposes.
The Institution las been charged by Congress with the disbursements during the year of the following appropriations:
For international exchanges . _.............. _.......... _.. __ ..... _...... . $17,000
For ethnological researches . _. _..... _. _.................. _............. _.
40,006
For National Museum:
Preservation of collections .... _.... _.. _.... __ ....... ___ .... _..... ~ . _. $140, 000
Furniture ancl :fixtures . __ ....... _. _... __ ......... _.............. _... .
25, 000
Heating ancllighting . ___ ... _.............................. _...... _..
12,000
Postage __ ._ . ___ . ___ .......... _. _............. ___ .... _........ _.. ____ .
500
Printing. _...... __ . _____ ........ _.... _........ _............... ___ . . . .
10, 000
Perkin's collection prehistoric copper implements ................ ____ .
7, 000
For SmHhsonian Institution Bnilcling repairs _....... _.. __ ..... ____ . _. __ .
25, 000

'fo these should be added the unexpended balance of the special
appropriation of $92,000 made .April 30, 1890, for the National Zoological Park.
The vouchers for the disbursement of these appropriations have been
examined by the executive committee, and thPo various items of expenditure are set forth in a letter addressed to the Speaker of the House of
Representatives in accordance with a provision of the sundry civil act
of October 2, 1888, while the expenchtures from the Smithsonian fund
have likewise been examined and approved by the executive committee
and are shown in their report.
I may here call attention to a change in the phra~eology of the sundry civil act making appropriation for ethnological researches, whereby
the appropriation is placed "under the direction of the Smithsonian
Institution," instead of in the charge of the "Secretary of the Smithsonian Institution," as heretofore. The vouchers from the Bureau of Ethnology are therefore now scrutinized by the executive committee, as are
all other expenditures of the Institution.
The estimates for the fiscal year ending June 30, 1892, forwarded to
the Secretary of the Treasury under date of October 20, 1890, were as
follows:
International exchanges ......... _.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $32, 400
North American ethnology ................................. _..... _.. . . . . . . 50, 000
National Museum:
Preservation of collections .......... __ ......... _.... _. _... ___ ..... _.. . 180,000
Heating ancllighting ... _. _...... _..... _........ __ . _. ___ ......... __ .. . 15,000
Furniture ancl fixtures ... ___ ... _... _____ ............... __ ...... _..... . 30,000
Printing ancl bin cling. ____ . _.......................... __ ....... _... __ .. 19,000
Postage .... __ .... __ .... _... _.. _........ _........... _...... __ ......... .
1, 000
Customs cluties on glass, tin, etc .... _.......... ___ ... __ ..... _......... .
3, 000
Repladng olcl boilers, etc __ ..... _....... _............ _........... _.... .
3, 000
Replacing wooclen :floor with granolithic or artificial stone ............ .
5,000
National Zoological Park ....... _ ................................... _..... . 101,350
Astrophysical observatory . __ .... __ ....•......................•..•......... 10,000
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BUILDINGS.

I must again urge upon the attention of the Regents the ever-increasing necessity for relief from the overcrowded condition of the National
Museum. The lack of more adequate accommodation has been even
more forcibly presented than ever before in making the necessary preparations for the Museum exhibit at the World's Columbian Exposition
in Chicago.
The present lVIuseum building was :finished and occupied in 1881. The
collections increased so rapidly that as early as 1883 the Regents, at
their meeting of January 17, recommended to Congress the erection of
a new building.
Since 1883 the collections have again increased to such an extent that
a new building as large as the present one could now be practically
:filled with material held in storage, and I can only repeat with increased
emphasis the closing sentence of my letter of January 21, 1890, to the
Ron. Leland Stanford, Chairman of the Senate Committee on Public
Buildings and Grounds, ''that unless more space is provided the development of the Government collection, which is already partly arTested, will be almost completely stopped."
Plans for a new museum building of two stories and basement were
laid before the Board in January, 1890, and on February 19, 1890, a
bill appropriating $500,000 was reported by Senator Morrill from the
Senate Committee on Public Buildings and Grounds and pa8sed the
Senate on April 5, 1890. This bill was favorably reported from the
House Committee on Public Buildings and Grounds January 9, 1891,
but at the close of the session it had not come before the House for
action.
An appropriation of $25,000 for :fire-proofing the so-called chapel of
the west wing of the Smithsonian Building and for repairing the roof
of the main building and the ceiling and plastering of the main hall of
the building, having become available, plans for the contemplated improvements were prepared by the Architect of the Capitol, as directed
by Congress, and work was begun in April, 1891. The old roof of the
chapel was entirely removed and replacefl temporarily by a wooden covering for the protection of the specimens contained in this part of the
building. By the end of June gratifying progress had been made
towards the construction of a safe, substantial iron and slate roof.
This appropriation of $25,000 was but a portion of the sum asked for
to be used not only for :fire-proofing tbe chapel and repairing the roof
of the main building, but also for making other repairs upon the building, more especially in making more suitable provision for storing and
handling the Government documents, the distribution of which Congress has intrusted to the Institution. Under the wording of the appropriation act it was found, however, that the expenditure of the appropriation was confined to the two items mentioned above. I have referred
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elsewhere in this report to the special needs of the exchange department, on account of the over -crowded condition of the store-rooms occupied by the Government.
The new buildings erected or in process of erection for the collection
of living animals, being all in the Zo?Hogical Park, are mentioned in the
report upon the park.
RESEARCH.

I am gratified to report that it has been possible by reducing expenses in other directions to revert in some measure to an early practice of the institution, eminently consonant with its founder's purpose,
that of offering aid in original research to certain investigations of
much importance which were hindered by lack of means.
Among the special grants may be named that of $500 to Prof. A. A.
Michelson, of Clark University, for continuing his important work upon
a universal standard of measure founded on the wave-length of light;
also a sum of $600 placed at the dispoRal of Prof. E. W. Morley, to procure a special apparatus for determinations of the density of oxygen
and hydrogen, an investigation requiring extreme precision and delicacy
of manipulation, and promising results of wide application; while $200
was placed at the disposal of Dr. Wolcott Gibbs, for investigations
at his laboratory in Newport upon chemical compounds.
To Prof. E. S. Holden, director of the Lick Observatory, California,
a grant of $200 was made, to assist in perfecting his apparatus for
securing photographs of the moon. The results of his studies in this
field Prof. Ho1den has offered to place at the disposa1 of the Smith- ·
sonian Institution for publication at some future day, should it seem
desirable.
Prof. Pickering 1 director of the Harvard Observatory, has also placed
at the disposal of the Institution for publication a very valuable series
of photographs of the moon, which have been secured at the Harvard
Observatory, and which will be supplemented by photographs to be
taken at the Harvard Observatory high-altitude station in the mountains of Peru.
The director of the Paris Observatory, Admiral Mouchez, has likewise promised his co-operation in securing lunar photographs of the
highest degree of excellence now attainable.
With the aid of these three prominent observatories, which have given
especial attention to the subject of lunar photography, it is proposed to
prepare a volume representing upon a large scale the best results that
can be secured, thus placing on record a detailed description of the
lunar surface, the value of which for comparison with observations and
photographs of the future can scarcely be over-estimated.
In furtherance of the plan for the establishment of standard sizes of
screws and of diameters of tubing, etc., for astronomical and physical
apparatus-a subject which has received the attention of committees of
the National Academy of Science, as also of the American Association
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for the Advancement of Science-a 'few standards have been tentatively
adopted, and copies of these are attainable by all interested in securing
uniformity in this class of work.
I have referred above to researches in physical science alone; the
work of individual members of the Institution and of others in the natural sciences is given in connection with the portion of the report relating to the Museum. I may, however, state that certain physical investigations7 which have been made under the personal direction of the
Secretary of the Institution at private charge and not at the cost of its
funds, are about being published in a volume of its Contributions,* in
accordance with a policy long since counseled by the Board of Regents.
Astro-physical Observatory.-! may recall briefly here the circumstances which have led to the establishment of an astro-physical observatory as a part of the Smithsonian Institution.
Itt the first report that I had the honor to present to the attention of
the Regents in 1888 I stated that preparations had been made by the
late Secretary, Prof. Baird, to establish an astro-physical observatory
and laboratory, in order that renewed attention might be given to the
study of physical science. It was there reported that, in view of the
fact that the construction of delicate instruments would occupy a considerable time, orders had already been given for the most essential
pieces of ~pparatus for conducting investigations in radiant energy.
A special interest was taken in the proposed astro-physical observatory by the late Dr. J. H. Kidder, formerly Curator of Exchanges in the
Smithsonian Institution, and the sum of $5,000 was received from his
executors for this purpose under circumstances detailed in my last report. A like sum of $5,000 was presented personally to the Secretary
by Dr. Alexander Graham Bell for prosecuting physical investigations,
and particularly those upon radiant energy, and this sum was, with the
conseit and approval of the donor, placed to the credit of the Smithsonian Institution upon the same footing as the Kidder bequest.
A temporary wooden building of the simplest possible construction
has been erected in the Smithsonian grounds just south of the main
building, having been begun on the 18th of November, 1889, and finished
about the 1st of March, 1890. This building is not to be regarded as
an entirely suitable or permanent housing for the instruments. Its
location, close to travelled streets, is unsuited for refined physical investigation, but the preliminary adjustment of the instruments and certain classes of work can be effectively and conveniently carried on here.
The principal instrument is a specially constructed siderostat by Sir
Howard Grubb, of Dublin, Ireland. This instrument is in position. A
spectro-bolometer, the outcome of many years' experience, has been
made under my personal direction by William Grunow & Son, of New
York, and has been received and mounted. A galvanometer, designed
*Experiments in Aero-dynamics, Smithsonian "Contributions to Knowledge," No
8011 Vol. XXVII.
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for the particular elass of work in view, has been received, and was the
last of the j)rincipal pieces of apparatus (provided for from the Smithsonian fund) to be put in place. The outfit is now in· the main complete.
This country has no observatory devoted exclusively to astro-physical
research, though England, France, and Germany have maintained for
a number of years at a considerable expense observatories for the study
of the physical condition of celestial bodies. I therefore indulged
the hope that, in presenting the matter to Congress as previously reported, a request for a small annual appropriation for the maintenance
of the observatory thus founded and equipped might meet with favorable consideration. I may say that the amount asked for ($10,000 for
annual maintenance) has been appropriated, and will be available during the coming fiscal year.
In adjusting and determining the constants of the instruments, a-;vork
involving considerable labor, I have had the valuable assistance of Prof.
C. C. Hutchins, of Bowdoin College, during a portion of the summer
vacation. No permanent appointments of the assistants who will be
l'equired to carry on the investigations contemplated will be made until
after the appropriation shaH have become available.
EXPLORATIONS.

The explorations of chief importance carried on by the Institution
have been conducted by the Bureau of Ethnology and by the National
Museum, and to the reports of these departments reference should be
made for details.
PUBLIC AT IONS.

The public.ations for the year !lave continued to represent the usual
standard both in the number and in the general character of the several issues.
Smithsonian Contributions to Knowledge.-Mention may be made here
of a publication embracing a collection of twenty-three colored plates
illustrating the forest trees of North America, an unfinished work undertaken by the late Dr. Asa Gray, many years ago, which although in
the quarto form of the Contributions to Knowledge, will not be included in volumes of that series. While no memoir bas been actually
published during the year, a paper presenting an account of some new
experiments in aero-dynamics (already referred to) is in course of preparation, and will probably be through the press in Augnst. It will not
much exceed 100 quarto pages of letterpress, and will be illustrated by
about ten plates.
Smithsonianjlfiscellaneous Oollections.-Amemoir on "The Corrections
of Sextants for errors of Eccentricity and Gravitation," by Mr. Joseph
A. Rogers, of this city, presents a good discussion of the subject, and
has a practical as well as a theoretical value. A " Bibliography of the
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Chemical Influence of Light," by Mr . .Alfred Tuckerman, belongs to the
growing class of reference aids to investigators and students, rendered
necessary by the rapidly increasing volume of scientific literature.
In the Miscellaneous Collections for the year a numher of articles
from the general appendix to the annual reports, commonly prepared
at the expense of the Institution, have been considered worthy of republication as separate essays, and will probably find their place ultimately in volumes of this series.
Smithsonian annual reports.-The annual report of the Regents to
Congress on the operations and condition of the Institution for the year
ending June 30, 1888, was received more promptly than usua.l, and has
been largely distributed. The annual report of the Regents on the
operations and condition of the U. S. National Museum for the same
period has also been received and widely distributed. The annual
report of the Regents to Congress on tle Institutiou, for the year ending June 30, 1889, has in addition been received and distributed, and
the annual report of the Secretary to the Board of Regents for the
year ending June 30, 1890, has been issued during the year .
.A full descriptive list of the . Smithsonian publications for the year
will be given in the appendix.
SMITHSONIAN INTERNATIONAL EXCHANGE SERVICE.

The work of the Smithsonian Institution through which it is perhaps
most widely known is its exchange service, whereby in a direct and
tangible manner it effects one of the objects of its founder, "the diffusion of knowledge among men."
The exchange service was established very early in the history of the
Institution, when communication between scientific men, particularly
between those of the Old and of the New World, was slow and expensive. Its object was to distribute the Smithsonian publications, and to
furnish at the same time a channel through which the publications of
scientific men, societies, and institutions in this country might be sent
to correspondents abroad, and similar publications from abroad might
be received and distributed in America. The Institution received hearty
cooperation in every direction. The chief learned societies in different
parts of the world offered their aid as distributing centers of exchange
documents, and many of the larger steamship companies generously
consented to carry exchange boxes free of freight charges; foreign governments gave their aid, and in 1854 Prof. Henry announced in his
report that there was "no port to which the Smithsonian parcels are
shipped where duties are charged on them, a certified invoice of contents by the Secretary being sufficient to pass them through the customhouse free of duty. On the other hand, all packages addressed to the
Institution arriving at the ports of the United States are admitted
without detention, duty free. This system of exchanges is therefore
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the most extensive and efficient which has ever been established in any
country."
The service was immediately taken advantage of by the Bureaus of
the United States Government, and between the years 1851 and 1867
it is estimated that over 20,000 packages of Government publications
were carried by the exchange service, at an estimated cost to the private funds of the Institution of over $8,000.
In 1867 Congress recognized the efficiency and importance of this
branch of the Smithsonian work by assigning to it the duty of exchanging fifty copies of all documents printed by order of either House of
Congress, or by the United States Government Bureaus, for similar
works published in foreign countries, and especially by foreign governments. This at once absorbed a very considerable part of the funds
which it was deemed expedient to devote to exchange purposes; for
nearly thirteen years the burden of the expense being almost entirely
borne by the Smithsonian fund.
It is not necessary to repeat here the details of the exchange relations with the Government, as they have been given at length in
previous reports, but I beg to call attention briefly to the summary
presented last year in these words :
The following sums have been expended from the Smithsonian fund
for the support of the international exchange system, in the interests
and by the authority of the National Government, namely, $38,141.01
in excess of appropriations advanced from January 1, 1868, to June 30,
1886, for the exchange of official Government documents, and $7,034.81
in excess of appropriations from July 1, 1886, to June 30, 1889, advanced
for the purpose of carrying out a convention entered into by the United
States, or an aggregate of $45,175.82.
No account is here made of the rent value of the rooms occupied by
the exchange bureau, though the rooms are urgently needed for the
special purposes of the Institution.
In accordance with a resolution of the Board of Regents, a memorandum setting forth the ab.ove facts was transmitted on the 20th of May,
1890, to the Ron. Benjamin Butterworth, a member of the Board, in
the House of Representatives, for the purpose of taking the necessary
steps to procure a return by Congress to the Smithsonian fund of the
sum last mentioned, namely, $45,175.82.
The value of the exchange service having become widely known and
appreciated, efforts were made by various countries to establish more
formal international relations for the purpose of securing an increase in
its benefits, and on the 15th of March, 1886, plenipotentiaries from the
United States and various other nationalities signed a convention at
Brussels by which their respective governments definitely assumed the
exchange of official documents and of scientific and literary publications between the countries interested.
Referring now more especially to the work of the exchange bureau
during the past year and to its steady and rapid growth, it will be seen
in the Appendix that no less than 100 tons of books passed through the
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office, representing 90,666 packages-an increa8e of 8,094 packages over
the number handled during the preceding year. Upon the exchange
books accounts of publications receiv~d and transmitted are kept with
18,848 societies, institutions or individuals.
The expenditures on account of the exchange service have amounted
to $20,382.21, of which $17,000 were appropriated directly by Congress,
$3,361.12 were repaid by Government bureaus, and $9.95 were paid by
State institutions and others, leaving a small deficiency to be met by
the Smithsonian Institution.
While the expenses of the exchange service, it will be observed, are
in the absence of rent charge now nearly met by the sum appropriated
by the General Government, this end is only effected at the cost of
dispatch; and even this slow freight is in many cases clue to the
liberality of the ocean steamship companies, a fact to which allusion
has been made in all recent reports. While there seemed to be no impropriety in accepting the generosity of these companies when it was
to be regarded as a direct contribution to the philanthropic aims of the
Institution, it does not seem proper, where so much of the freight now
carried is Government property and the service is conducted under an
international treaty, that we should impose on this liberality further,
yet if this privilege should be withdrawn the service would be most
seriously crippled.
An appropriation is also needed to give effect to t he treaty of Brussels, which calls for an immediate exchange of parliamentary annals.
A bill making an appropriation of $2,000, estimated as necessary ±or
this purpose, passed the Senate, but failed to come up for consideration
in the House of Representatives.
I may mention also that the difficulty of making provision for the
storage of the surplus copies of Government publications intended for
foreign exchange is each year becoming greater, and it is necessary to
store many boxes of valuable documents in a basement which past experience has shown is liable to be :flooded with water. This fact I consider it my duty to bring to the attention of Congress that such action
as it deems fit may be taken to protect this public property.
LIBRARY.

The accessions to the library ha,v e been recorded and cared for as during the last fiscal year. The following statement shows the number of
books, maps, and charts received from July 1, 1890, to June 30, 1891:
Octavo or Quarto or T 0 t 1
smaller.
larger.
a ·
1

-

----------------------

-1----,--1

Volumes-------------------------------------------1,844
837
Parts of volumes _.. _____ .. _.. __ .. _________ ...... __ . _
9, 439
11, 08G
Pamphlets .......... ____ ... __ ... ______ . __ ...... _ . . . .
3, 130
639
Maps ..... _...... _._._ . ... _._ .. _...... _____ ._ .. . . . _.... . .. _____ .... __ ....

2,681
20, 525
3, 769
319

Total .............. ·--···········--···-------- j~~~~~~ -27,294
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Of these aceessions, 7, 720 (namely 424 volumes, 6,413 parts of volumes,
and 883 pamphlets) were retained for use at the National Museum Library, and 754medical dissertations were deposited in the Library of the
Surgeon-General, U. S. Army; the remainder were promptly sent to the
Library of Congress on the Monday following their receipt.
The reading room continues to be well used by those who have occasion to consult the current scientific literature. As the number of boxes
available for holding periodicals is strictly limited by the size of the
room the only way to make room for the installation of new and desirable
journals is to remove those which are found to be least consulted or which
have ceased publication during the year. This was done by the librarian
during the spring of 1891.
Four hundred and fifty-six boxes are now occupied, leaving sixteen
to be filled by new accessions during the next fiscal year. Of the
journals removed from the reading room, such as would be of permanent use in the scientific work of the Institution were transferred to the
Library of the National Museum; the remainder were forwarded to the
J..Jibrary of Congress.
It will be remembered that when I first became connected with the
Institution as assistant secretary I formulated a plan, the details of
which will be found in my report for 1887-'88, for enlarging the accessions to the library so as to cover more completely the field of scientific
knowledge, and also for completing the series of scientific journals
already in the possession of the Institution which for any reason are
imperfect.
As stated in my report for 1889, the work of executing the plan was
commenced on June 1 of that year and has been assiduously carried
on ever since. It is now rapidly approaching completion, and it is estimated that it will require but a few months of the next fiscal year to
bring the work as originally planned to a termination. So rapid, however, has been the advance of scientific thought in the interval since the
preparation of the list that, although the utmost vigilance has been exercised in watching for the appearance of new scientific journals, it is
probable that very many such have newly appeared which have escaped
notice. A certain amount of supplementary work will, therefore, be required to make the exchange lists conform with the present status of
the periodical literature of science and in a very minor degree of art.
A list of the new exchanges will be found in the Appendix (Report
of the Librarian), which .also includes a list of important accessions
outside of the regular serials.
It may be remembered that in my report for 1887-'88, I spoke of a
certain limited number of books, not forming part of the Smithsonian
deposit in the Library of Congress, obtained by purchase from the
Smithsonian fund and retained at the Institution under the name of
the "Secretary's Library."
These books are mostly, but not exclusively, books of scientific refer-
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ence, certain art serials being included among them, and though all are
kept in the Secretary's office they are at the service, under certain necessary restrictions, of all connected with the Institution.
This collection numbers at present nearly 300 volumes, and while it
would be highly desirable to enlarge it still further, this is rendered
almost impracticable, because the Secretary's office is already filled nearly
to its utmost capacity. It is not possible either to place the collection
of works of reference under the immediate charge of the librarian, as
the rooms which he occupies are already over-crowded, whlle the room
on the same floor, which would naturally be the one to which the library
would be extended, is occupied as a shipping office by the Bureau of
International Exchanges.
It is to be hoped in the interest of the library, then, as well as of the
Bureau itself, that Congress will provide the additional quarters which
have been asked for the latter.
MISCELLANEOUS.

Portraits of Regents.-The Institution is under obligation to the Chief
of the Bureau of Engraving and Printing for copies of engraved portraits of several former Regents of the Institution, which had been prepared for official purposes.
Statue of Robert Dale Owen.-A bill appropriating $20,000 for a statue
of Hon. Robert Dale Owen, of Indiana, who was among the :fi.rst and
most actively interested Regents of the Institution, was introduced
in the Senate on December 9, 1890, by the Ron. Daniel W. Voorhees, and
was passed on the same day by the Senate, but failed to secure favorable action in the House of Representatives.
Statue of Prof. Baird.-I have the honor again to call the attention
of the Regents to the bill which was passed by the Senate in February,
1888, providing for a bronze statue of Prof. Baird in recognition of the
distinguished services rendered hls country, and I venture to express
the hope that this subject may receive the earnest consideration of his
many warm friends in both Houses of Congress.
Capron collection of Japanese works of art.-An appropriation of
$10,000 for the purchase of the Capron collection, whlch has been for
several years on deposit in the Museum, was included in the sundry civil
act for the year 1891-'92, thereby securing this valuable collection of
Japanese works of art to the Government.
Perkins collection of prehistoric implements.-The deficiency bill approved October 1, 1890, contained an appropriation of $7,000 to enable
the Secretary of the Smithsonian Institution to purchase of Mr. Frederick S. Perkins his collection of prehistoric implements. This sum
was duly paid to Mr. Perkins and the collection received and deposited
in the National Museum.
Meteorological records.-In accordance with arrangements made with
the Chief Signal Officer~ U. S. Army, Gen. A. W. Greely, the meteoro-
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logical records, forming a portion of the archives of the Smithsonian
Institution, and representing a considerable amount of work accomplished by it in earlier days, have been temporarily transferred to the
Signal Office, and deposited there in a fireproof vault for custody and
storage. These records serve to carry back the meteorological observations of the Signal Service as far as the year 1840. They consist of:
346
6
47
64
15
1

bonncl volumes of monthly reports by observers from 1840 to 1873, inclusive.
volumes of records made at the Smithsonian Institution.
pasteboard boxes of miscellaneous records by locality.
papcrpackages of miscellaneous records, scraps, etc.
miscellaneous note-books.
l::Lrgc package of manuscript folio sheets, observations, survey northwestern
lakes.
7 royal octavo bound volumes, printed reports.

Bequest of Dr. J. R. Bailey.-Information has been received that Dr.
J. R. Bailey, late of Olmstead, Ky., has devised his library to the
Smithsonian Institution, and the necessary steps will be taken to
acquire possession.
Assignment of rooms for scientific work.-A basement room espeeially
suited for delicate physical measurements on account of its freedom
from tremor has been used by the officers of the United States Coast
and Geodetic Survey for making pendulum observations.
Stereotype plates.-Owing to the more urgent demands of current
work, but little progress has been made in examining and re-arranging
the stereotype plates of the publications of the Institution. I hope to
make arrangements during the coming year to push this work to an
early completion.
The stereotype plates and engravers' blocks are cheerfully placed at
the disposal of publishers for supplementing or illustrating scientific
works privately issued.
U. S. NATIONAL MUSEUM.
In my representations to Congress during recent years I have felt
called upon to insist upon two points: First, that the collections have
increased so rapidly that additional space is required for their proper
administration, and that unless more space be provided, the growth of
the national collections must, to a large extent, be interfered with;
and secondly, that the collections, although growing rapidly in certain
directions, are not developing in such a symmetrical and consistent
manner as is essential to the necessities of the work.
I feel justified in assuming that it is the intention of Congress that
the National Museum of the United States shall be, as far as a museum
can be, a worthy exponent of the natural resources and scientific
achievements of the nation, that it shall be worthy of the attention of
visitors to the capital, and that it shall perform its proper functions
as one of the scientific departments of the Government, and shall also
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promote the scientific aud educational interests of the country at. large.
This being granted, it is essential not only that the collections should
grow, and grow rapidly, in order to keep pace with the material and
intellectual development of the country, but also that a competent sta:tf·
of curators should be constantly at work, developing by scientific study
and publishing under the auspices of the Government the facts which
are essential to the correct understanding of the material under their
charge, preserving the collections from destruction, and arranging and
classifying them in such a manner that they shall be immediately accessible to the students of science from all parts of this country and
from abroad, who are constantly visiting Washington for the purpose
of consulting the collections of the Government in connection with their
own scientific studies.
On this account it is a critical time in the history of the Museum.
Such is the competition for material that the National Museum of the
United States is unable to hold its own not only with foreign governments and with local museums in other American cities, but is even at
a disadvantage when its collections are compared with those of many
private collectors. For instance, there are in this eountry several private collections of minerals, arch::eological objects, as well as of S!)ecimens relating to the various departments of zoology, the promoters of
which can seemingly afford to pay more for any choice objects needed
to complete their collections than can the Government of the Uuite1l
States. It is somewhat mortifying to see collections of American objects, which a few years hence will undoubtedly be recognized by everyone as essential to be preserved in the National Museum of this country,
taken away to foreign countries because their value is more highly
appreciated there than at home. Whatever may be considered the
proper functions of theN ational J\'luseum of the United States in regard
to other matters, it will always be expected that in the national capital the collections illustrating ethnology and the natural resources of
this continent will be fully as imposing as in other similar establishments, and that the national collections should compare favorably with
those in other American cities, and will in respect to American material
surpass those in any foreign capital.
It is not my wish to depreciate the importance of what has already
been uone by the Government for the advancement of scientific research,
for in most of the :fields in which really serious work has been accomplished, the National Museum is at least equal, and often superior to, any
other in the United States, but the effort to maintain the collections on
this footing will be much more difficult hereafter than in the past. It
would be unfortunate if students of American natural history and ethnology, who have hitherto been obliged to come to Washington in connection with their studies, should hereafter find it more advantageous to
consult private collections in other parts of this country.
Growth of the collections.-The growth of the national collections
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since 1881, when the new building was completed, has been probably
unprecedented in the history of museums; and this has rendered it necessary to employ a force of men proportionately larger than is found in
most museums, in order to utilize the material to the best advantage.
Notwithstanding this fact, the aggregate appropriation made by the
United States for museum purposes is smaller than that of many foreign
governments.
The Museum building has now been occupied one decade, and during
this time the total number of specimens of all kinds catalogued and
ready for exhibition or study has increased from about 1937000 to more
than 3,ooo,ooo.
Ouratorships.-The scientific departments of the Museum are not yet
all supplied with curators. The number of separate departments and
sections is now 33, and less than one-third of this number is under the
charge of curators paid from the Museum fund and able therefore to
devote all their time to Museum work. By far the larger number of
the scientific departments is under the charge of officers of other departments of the Government service (for instance, the Geological Survey,
the Department of Agriculture, the Bureau of Ethnolog'Y, and the Fish
Commission), who, although they render most important services in the
way of supervision and general direction of the work, are necessarily
so occupied with their own peculiar administrative duties, that they can
not devote very much of their time to the development of the collections under their charge. Three important zoological departments have
for a great many years been under the charge of officers of the Fish
Commission. Under the administration of Professor Baird, who was
at once Commissioner and head of theM useum, it was considered proper
that they should give a considerable portion of their time to Museum
work, which was directly tributary to the results which Professor Baird
was desirous of producing in connection with the service under his
charge. Soon after the death of Professor Baird it became necessary
for these men, although still retaining their positions as honorary curators in the Museum, to devote nearly all of their time and attention to
matters relating to the Fish Commission. If it were possible to employ
experienced men as assistants in these departments, as well as under
the other honorary curators, important advantages would manifestly
result. At all events, it is absolutely necessary to have a curator or
assistant curator appointed to take charge of the work in each department, in order that the material collected at considerable expense by
the Government shall be properly arranged and identified, and that the
results of the work shalll be published for the advancement of science.
This, however, can not be done until Congress shall see :fit to make
more liberal appropriations for the maintenance of the Museum.
Increase in correspondence.-Within the past three years there has
been an astonishingly large increase.in the number of calls upon the
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Museum, very largely by Members of Congress and through them by
their constituents, for scientific information of all kinds, for collections
in various departments of natural history (scientifically arranged and
named, for the use of schools and colleges), for books and services of
many kinds, including the examination and identification of minerals,
ores, animals, plants, etc. It is quite safe to say that during the last
three or four years the correspondence of the Museum has quadrupled.
Special pains have been taken not only to reply to all communications in full and with great care, but to reply promptly, in accordance
with the constantly increasing demands for rapid action on the part
of the public officers in Washington.
Salaries.-'rhe salaries paid to employes, especially clerks, copyists, and
skilled mechanics, are much less than those which are paid for similar
services in the Executive Departments. Many of our most useful assistants have been drawn away from the staff and called to places in the
Executive Departments, where, although the responsibilities are no
greater, they receive much larger rates of pay. It is quite essential
for the efficiency of the service that the stipend of persons of this class
should be increased-not necessarily to the amounts current in the Executive Departments, but to such figures as will render it possible to retain
useful employes after they have been laboriously trained and prepared
for their work. Within a year or two, three stenographers and typewriters have been drawn away from the office of the .Assistant Secretary
in charge of the Museum.
Need of additional assistance.-It is absolutely necessary to have the
collections taken care of as fast as they are received, and although they
can not all be prepared for exhibition, owing to lack of assistance as well
as want of exhibition space, yet the mere preservation of the specimens
from destruction implies very great labor, especially in the case of
zoological objects. Taking into consideration the fact that there are now
about thirty-three distinct scientific departments in the Museum, to each
of which, on an average, three persons at least are attached, it will be
readily understood that, after all the expenses have been met for the
preservation, care, and exhibition of the specimens, very little remains
for maintaining the administrative force. The need of additional intelligent clerical assistance is felt in every branch of the administrative
work. For instance, to the regular duties of the chief clerk's office has
been necessarily added the management of the financial matters connected with the preparation of the exhibit for the W oriel's Columbian
Exposition. In the division of correspondence the increase of work has
been very great, and no less than 10,000 letters are now required to be
written where 2,500 sufficed only a very few years ago. .A similar increase of work might be cited in all the other administrative offices, but
the means for providing adequate assistance are not at hand. In this
way it has happened that the appropriations have beenlargelyusedin the
maintenance of the scientific departments to the great disadvantag_e and.
H. Mis. 334, pt. l--2-
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impairment of the administrative work of the Museum. These matters
have already been represented in strong terms in previous reports, and
the Secretary has taken every available means of calling attention to
the dangers which beset the National Museum owing to the insufficiency of the appropriations made by Congress for its maintenance. It
is only necessary to add in this place that the sum mentioned in the
statement accompanying the report for 1889 (pp. 35-38), as then required
for services, was prepared in response to a Senate resolution asking for
a " schedule of the classified service of the officers and employes of the
National Museum," and represented the needs of the Museum at that
time. Since then there have been large increases in almost every department of the Museum work, and if I were now preparing a similar
statement, I should find it necessary to make a corresponding increase
in the totals of the several divisions of the schedule referred to.
The operations of the Museum in all of its departments for the fiscal
year ending June 30, 1891, are fully discussed in the report of the Assistant Secretary in charge of the Museum, and therefore reference to the
work of the Museum will here be restricted to some of the most important general features.
Accessions.-Ten years ago the National Museum moved into a new
building, and the present year thus marks the close of a very important
decade in its history. The increase in the collections during this period
has been unexpectedly large, the accessions from all sources now numbering 3,028, 714 specimens. In 1882, when the first census of the colections was made, the total number of specimens was estimated at less
than 195,000. The totally inadequate space provided for this vast accumulation of material has been so frequently commented upon in previous reports, that it is not necessary to reiterate the urgent recommendations which have been made to Congress for another building.
Name of department. 1882.
Arts and industries:

1883.

1884.

:1885-'86. 1886-'87. 1887-'88. 11888--'89. 2 1889-'90. 1890-'91.

- - - - - - - - - - - - --~-- - - - - - -

Materia medica.... . . . . . . . 4, 000
4, 442
4, 850
5, 516
5, 762
5, 942
Foods .............. ------- 1,244
1,580
822
877
877
911
Textiles . . . . . . . . . . . . . . . . . . . . . . . . .
2, 000
3, 063
3, 144
3, 144
3, 222
Fisheries ... _...... . . . . . . . . . . . . . .
5, 000
9, 870
10, 078
10, 078!1 10, 078
Animal products... . . . . . . . . . . . . . .
1, 000
2, 792
2, 822
2, 822
2, 948
Graphic arts ...................... -...................................... _... _
Transportation and
engineering ... _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _...... _
Navalarchitecture. -------------600 ......... --------· --------·
600
1

~!:!::·i:!;:r~,c~~~-

------. ------- ---------

°

1 0 2
} 13, 634
',

14, 6401

14, 990

5, 915

6, 083

1,111
3, 288
10, 080
2, 949
4 600

1,111
3, 288
10, 080
2, 994
974

3

4

1,250
5 600

1,472
5 600

20,890

23,890

per money, etc ......................... .
1 005
4.47
Musicalinstruments . . . . . . . . . . . . . . . . . . . . . . .
400
417
427 1
427
542
J No census of ~ollection taken.
2 The actual increase in the collections during the year 1889-'90 is much greater than appears from
a comparison of the totals for 1889 and for 1890. This is explained by the apparent absence of any
increase in the Departments of Lithology and Metallurgy, the total for 1890 in both of these departments com.bined showing a decrease of 46,314 specimens, owing to the rejection of worthless material.
3 Although about 200 specimens have been received durin~ the year, the total number of specimens
in the collection is now less than that estimated for 1889, owmg to the rejection of worthless material.
4 The collection now contains between 3,000 and 4,000 specimeus.
iNo estimate of increase made in 1890 or 1891.
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Name of department. 1882.

1883.

188J.

1
11885-'86. 11886-'87. 11887-'88. 1888-'89. 21889-'90. 1890-'91.
1

- - - - - - - - - - - - -- - -- -

- - -- - - - ---1---------

.Arts and industriesContinued.
I
I
Modern pottery, porcelain, and bronzes .... - - - . . . . . . . . ....... .
2,278
2, 238
3, 011
Paints and dyes .. -- ...... - _____ .......... _
77
100
100
"TheCatlinGallery" ............. _ ...... ..
500
500
500
Physical apparatus ...... - ......... . .... ..
250
251
251
Oils and gums .......................... _..
197
198
198
Chemical products ............. _ ...... __ .
659
661
661
Domestic animals .. ........... ------- .. . ........... -------·- --------- --------Ethnology ........... ------- ------- 200,000 500, 000 503,764 505,464
American aboriginal
pottery . _____ .. _... ------- ------25,000
26,022
27,122
12,000
1

3, 011
109
500
251
213
688

3,132
197
(3)

J

-·------506,324
28,222

J

-------

14,550

16, 610

18,401

18,601

(3)

263

Oriental antiquities .. ------- ------- --------· --------· --------- ............
850
Prehistoric anthropology _............ 35,512 40,491
65,314 101,659 108,631 116,472
45,252
Mammals (skins and
7,8111
alcoholics) ......... 4, 660 4, 920
7,451
8, 058
5, 694
8,275'
Birds ................ 44,354 47,246
50,350
55,945
54,987
56,484
57,974
Birds' eggs and nests ------- -----·44,163
48,173
40,072
50,055
50,173
Reptiles and batrachians .......... __ . ------- -----·25,344
27,542
27,664
28,405
23,495
Fishes ... ..... ..... _. 50,000 65,000
75,000 100,000 101,350 107,350
68,000
Vertebrate fossils .... ·------ ------- --------- --------· --------- ......... 1.........
Mollusks------ ... ___ 33,375 ------- 400,000 460,000 425,000 455,000 468,000
Insects .............. 1, 000 ------- 151, uoo 500,000 585,000 595,000 603,000
Marine invertebrates 11,781 14,825 200,000 350,000 450,000 515,000 515,300
Comparative anatomy:
Osteology. __ ... __ ._ 3, 535 3,640
4, 214
10,210
11,022
11,558
11,753
Anatomy ..........
103
3, 000
70
Palreozoic fossils_ . __ . ------- 20,000
80,482
73,000
84,649
91,126
84,4911
Mesozoic fossils ... _. ------- -----·- 100,000
69,742
70,775
70,925
71,236
Cenozoic fossils .. _. __
(Included with mollusks.)
I
Fossil plants ........ ------- 4,624
7,429
7, 291
10, 178
8.4621 10,000
Recent plants 5 ______ ------- ------- -·------30,000
38,459
32, 0001 38,000
Minerals ............
Lithology and physical geology __ ......
Metallurgy and eco-

3,144
197

21,896

27,690

22,500

27, 000 )

273

1,112

1,112

66
508,830

97
510,630

29,269
3, 485

30,488
3,487

123, 677

127,761

8, 836
60,219
51,241

9, 301
62,601
52,166

29,050
122,575
4512

29,935
127,312
521
476,500
630,000
526,750

471,500
618,000
520,000

12,326

12,981

92,355
71,305

92,970
7!!,754

10,5071
39, 654
37,101

10,685
80,617
44,236

I
9, 075 12, 500

18, 000

20, 647

21, 500

64, 162

632, 762

L;~~ca;i:~~=~::::: :::::: ~ ~~~: ~~~ - ..~~·-~~~ ~~·-~~~~~~: ~~~ ---51,~~~~ ~~~~--~~~
Total ....... __ . 193, 362 263, 143 1, 472, 600 2, 420, 944 2, 666, 335 2, 803, 459 2, 864, 244 2, 895, 104 3, 028, 714
1

1

1

IN o censns of collection taken.
Tlte actual increase in the collections during the year 1889-'90 is much greater than appears from
a compari,;on of the totals for 1889 and for 1890. This is explained by the apparent absence of any
increase in the Departments of Lithology anu Metallurgy, the total for 1890 in both of these departments combined showing a decrease of 46,314 specimens, owing to the rejection of worthless material.
3 Included in the historical collection.
~~~JJ: a small portion of the collection represented by this number was received during the year
2

18

5 Up to 1890 the numbers have reference only to specimens received through the Museum, and do
not include speeimens received for the National Herbarium t.h rough the Department of Agriculture.
The figures ~iven for 1890-'91 include for the first time the LOtal number of specimens received both
at the National Museum and at the Department of Agricultrore for the National Herbarium.
6 Collections combined in October, 1889, under Department of Geology. The apparent decrease of
more than 50 per cent of the estimated total for 1889 is accounted for (1) by the rejection of several
thousands of specimens fi:om the collection, and (2) by the fact that no estimate of the specime11s
in t.he reserve and duplicate series is included. Of the total for 1890, about 16,000 specimens Cl·lJ!:!ist
chiefly of petrographical material stored away for study and comparison in the drawers of table cases.
7 Transferred to the National Zoological Parle
NOTE.-The fact that the figures for two successive years relating to the same collection are unchanged does not necessarily imply that there has been no increa-.e in the collection, but that for some
special reason it has not been possible to obtain the figures showing the increase.
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The World's Columbian Exposition.-Mention was made in the last
report of the provision made by Congress for holding an exposition in
the city of Chicago in 1893 for the purpose of celebrating the four hundredth anniversary of the discovery of America by Christopher Columbus. Dr. G. Brown Goode was upon my nomination appointed by the
President the representative of the Smithsonian Institution and the
National Museum upon the Government Board of Managers and Control. During the latter part of the year the Treasury Department decided that between $30,000 and $40,000 were available for expenditure in connection with the preparation of the Government exhibits.
This sum was apportioned by the Board among the executive departments, including the Smithsonian Institution, the National Museum
and the Fish Commission: the Smithsonian Institution, including the
National Museum and the Bm'eau of Ethnology, receiving about
$6,000. This amount is of course entirely inadequate, except as affording the means of making a commencement, and would hardly suffice for the preparation of a satisfactory exhibit from any one department in the Museum. As soon as this money became available, however, several of the curators in the National Museum commenced to
prepare plans for the exhibits of their departments, and a small force
of taxidermists and mechanics was engaged. Mr. R. Edward Earll
was appointed chief special agent in April, and will act as the executive
officer under the direction of the representative of the Smithsonian Institution.
BUREAU OF ETHNOLOGY.
Ethnological researches among the North American Indians has been
continued by the Smithsonian Institution in compliance with acts of
Congress, during the year 1890-'91, under the direction of Maj. J. W.
Powell, who iR also the Director of the U. S. Geological Survey.
The work of the Bureau of Ethnology has been conducted during the
year in accordance with the system before reported upon and explained.
A noteworthy feature of it is that the officers who as authors prepare
the publications of the Bureau personally gather the material for them
in the field, supplementing it by study of all the connected literature
and by the consequent comparison of all ascertained facts. The continuance of the work for a number of years by the same zealous observers
and students, who freely interchange their information and opinions, has
resulted in their training with the acuteness of specialists, corrected and
generalized by the factors of other correlative specialties.
At the close of the last fiscal year specific exploration of the mound
area by the United States ceased, except so far as it was found necessary to
correct errors and supply omissions. A large part of the results of the
work of several past years is in print, though not yet issued. A plan
of general archooologic field work has been practically initiated by a
systematic exploration of the tidewater regions of the District of Colum-
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bia, Maryland, Virginia, and the Ohio Yalley, which determined among
other points of interest that the implication of great antiquity to forms
of stone implements of America which have hitherto been classed with
European palreoliths in age as well as in fabrication has not been substantiated by the ascertamed facts.
Careful exploration of the Verde Valley in Arizona followed that before made of other parts of the large southwestern region of the United
States in which the presence of many extensive ruins has given rise to
fanciful theories. The data as classified and discussed has shown that
the hypothesis of a vanished race enjoying high civilization, which has
been proposed to account for the architecture of the ruined structures,
is unnecessary.
The attention already given to Indian languages has been continued,
in recognition of the fact that some of them are fast passing beyond the
possibility of record and study and that the ethnic classification of all
of the Indian tribes can be made accurate only through the determination of their linguistic divisions and connections. The studies upon
aboriginal mythology and religious practices has also been continued,
with special attention to the ghost dances and "Messiah religion,"
which have produced important consequences bearing upon the problem of proper national dealing with the Indians. Official misconception of their religious philosophy, which has been f~rcedly transfigured
by the absorption of Christianity so as to present more apparent than
actual antagonism to civilization, has occasioned needless loss of life
and treasure.
Further details respecting the work of the Bureau will be found in
the report of its director, given in full in the Appendix.
NATIONAL ZOOLOGICAL PARK.
The primary object for which Congress was asked to establish a
National Zoological Park was to secure the preservation of those
American animals that are already nearly extinct, and this object it
was thought would be best secured by the establishment of a large
inclosure in which such animals could be kept in a seclusion as nearly
as possible like that of their native haunts. It was believed that,
except for initial expenses for buildings and roads for the public,
this could be done with an outlay comparatively small, probably not
exceeding $50,000 a year; for, after the necessary land was once acquired
and fenced in, smaller inclosures and paddocks could be set off and
inexpensive barns erected at about this yearly charge.
It was, in the nature of ·things, inevitable that some provision should
be made for the convenience of a. curious and interested public, as well
as for the care and well being of animals unaccustomed to the presence of man. For the first of these it was intended to set aside a considerable area, on which the principal buildings should be placed and
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to which should be taken, as was expedient, such of the animals as
might interest the public, the larger portion of the park being still
considered as a natural preserve where animals need be disturbed by
no unusual surroundings, and where it was hoped they might, after the
time necessary for their acclimation, breed their young.
The maintenance of a park devoted to these purposes, that is, primarily to useful and scientific ends, and secondly to recreation, seemed
to those interested in its success a legitimate tax upon national resources, but when Congress decided that one-half of the necessary
expense should be raised by local taxation it seemed only fit that the
tax-payers should be heard in their wish to have prominence given to
the feature that principaUy interested them, and their chief interest was
naturally in the Park as a place of recreation. That this was recognized by a considerable body in Congress became evident from the
subsequent debates.
The moral right of the people of the District to ask consideration
of their wishes for entertainment in return for the outlay which falls
upon them can not be questioned, and so far as this could be recognized it introduced a tendency to provide an establishment more like
an ordinary zoological garden, or permanent menagerie, than the comparatively inexpensive scheme at first contemplated.
ln view of the circumstances an appropriation was asked of Congress, which was "believed to be smaller than was consistent with the
proper ultimate development of the park, but on an estimate which
proposed to begin on the most economical scale. Thus, for the general
maintenance of the collection, $35,000 was asked, which is about the
same as the annual sum spent in the Central Park menagerie, New
York, having an area of about 10 acres, and at least $10,000 less than is
spent either at the zoological garden in Cincinnati or Philadelphia, each
having an area of about 40 acres. When it is reflected that these
latter enterprises are conducted for business purposes by business men,
that they have their collections already nearly complete and purchase
but few new animals, it will be seen that the sum asked for the maintenance of the 167 acres of the N a tiona] Zoological Park with an the
expensive animals yet to be procured was certainly not extravagant.
Congress reduced this estimate to $17,500, a sum for which as a year's
experience has now shown the Park can not be maintained.
For buildings, an appropriation of $36,850 was asked. In this connection it may be recalled that in the Philadelphia gardens the buildings and inclosures cost $194,705. The sum estimated was intended to
cover an inclosures and structures of every character indispensable on
the modest scale proposed. Congress reduced this to $18,000.
The average expense of preparing such uncultivated grounds in city
parks elsewhere has proved to be at least $2,900 per acre. The sum of
$29,500 was asked for that purpose, as no more than sufficient to fit
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such portions of the park as were necessary for the immediate accommodation of the public. Congress reduced this to $15,000.
These reductions have not only obliged me to retard the development
on the lines that had been laid down, but have increased the ultimate
cost; for where living creatures are in question it is plain that they
have not only to be fed and guarded but to be housed; and all this at
once, under penalty of their loss. Congress has plainly intended that
they should be pr-eserved, and that some sort of roads and access for
the public should be provided this year.
The result bas necessarily been, that with every effort to obtain permanent results there has been a partial expenditure of the absolutely
insufficient grant on enforced expedients of a temporary character,
which are not in the interests of economy.
It is extremely desirable that a sum for emergencies be secured in
the next appropriation. In carrying forward from the beginning novel
and untried work of such varied character, unforeseen difficulties must
inevitably arise, but no provision bas been made for these, nor even for
such readily anticipated emergencies as are caused, for instance, by
floods in grounds traversed by a stream which bas been known to rise
6 feet in less than half an hour.
The difficulties which these conditions have imposed on the administration of the park may be fairly called extreme, and the amount and
character of what has been effected must be considered in this connection. In spite of these the result, I think, may be said to be, that at
least as a source of interest and amusement to the people the park has
exceeded the most sanguine expectations.
As the available funds were small it was necessary to limit the area
of the park which should be first improved. It was found that the animals on hand could be accommodated within an area of 40 acres, and a
tract of about that size was selected, extending along the main drive
from Quarry road to Connecticut avenue through the most interesting
portion of the park. This main road was laid out, graded, and metalled
early in the fiscal year, and steps were taken to construct a permanent
bridge over Rock Creek at the place where the road should pass. As
was anticipated, the construction of the bridge presented serious engineering difficulties. Rock Creek is usually a quiet Rhallow stream,
but becomes in times of freshet a powerful torrent. It was necessary to
erect a structure that would withstand these floods and desirable that
it should be one which would not mar the beauty of the valley. After
a careful consideration of several designs, motives of economy compelled the erection of a bridge of wood and iron, resting upon stone
piers 15 feet above ordinary water level, sufficient as an engineering
structure but having no claim to beauty other than that of utility. At
the close of the year these piers had been erected and the superstructure contracted for but not yet placed. In the meantime temporary in-
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expensive wooden bridges have been in use. During the progress of
the work they have been several times swept away or seriously injured.
A number of trees have been planted in different parts of the park,
in some places for ornament, in others to secure the proper seclusion of
animals. A considerable area of open land has been prepared for lawn
and pasture grounds.
The development of the park has proceeded steadily during the year,
the minimum of change in the natural features of the picturesque region
being made on principle and independent of any considerations of
economy. As the approach from the city by the way of the Quarry
road could be made available at the least expense to the park, that
road is adopted provisionally as the main carriage entrance. At the
request of the Secretary the Commissioners of the District of Columbia
expended a sum of $1,000 in grading and repairing this road, but while
it has served a useful purpose it is still far from satisfactory as a principal avenue of approach. The grade is steep, the carriage way narrow, and the roadbed not sufficiently thick to endure heavy travel.
The system of roads contemplates other means of approach, especially
a bridle path by the way of Ontario avenue, a footpath (which will
probably be enlarged to a carriage road as means may permit) by the
way of Woodley Bridge, extending along the creek through the park
as far as the Klingle Bridge, and a carriage road entering from Connecticut avenue extended on the west side of the park, by which persons brought by the Rock Creek Railway can readily pass in. A winding footpath from the Adams Mill road leads by means of rudely constructed steps and a simple rustic bridge down_the cliffs and across a
narrow ravine into the occupied portion of the park.
Before animals could be safely kept in the park, it was necessary to
inclose it ~o as to insure control of all the territory within its limits.
A boundary fence was therefore built, and experience has shown .it to
be absolutely essential to the safety and well-being of the animals as
well as to the preservation of the trees, shrubbery, and property of the
park.
Near what is for the present the principal entrance is a disused
quarry, from which arise precipitous cliffs and bold rocky ledges. It
seemed particularly well :fitted for the construction of dens and yards
for bears. A series of caverns has been blasted in the rock and inclosed
by a stout iron fence. Within the fence are large and commodious
yards in which have been constructed bathing pools, with water flowing constantly from a large spring outside the park at the side of Quarry
road. The result has been a place admirably adapted for the health
and general welfare of the animals, as well as a most picturesque and
striking feature. It has been found necessary, in order to protect the
yards from falling dirt and debris swept down the cliffs by rains, to build
a retaining wall on the ledge above the dens at once, and this has been
done in part, for the reasons already stated, in such a manner as it is to
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be feared will necessitate very early removal. It is most desirable that
the boundary of the park, which now runs along the very edge of this
precipice, should be carried back a few yards to thus avoid the expense
of a costly permanent retaining wall.
A house for the bison has been built and another for animals requiring warmer winter quarters is in course of cow:;truction, a portion
of it being already occupied. It will not be possible to complete this
house upon the original plan under the present appropriation, but it
was deemed a wise economy to accept a design which could be partially completed and extended as the need for more room became
pressing i:tJnd other means should become available.
Already the establishment in the United States of a National Zoological Park under the management and guidance of t.he Smithsonian Institution has attrac.ted the attention of simHar institutions and of naturalists in other countries, and liberal offers of gifts and exchanges
have been made.
From Sumatra, from the islands of the Pacific, from the shores of
Alaska, and from our own national parks, have come offers of gifts or
terms of purchase, but I regret to say that it has been necessary to
defer acceptance of all these offers owing t.o lack of funds even to pay
transportation.
NECROLOGY.
GEORGE BANCROFT.

It seems unnecessary to give here more than a brief outline of the
connection of the distinguished historian, the Hon. George Bancroft,
with the Smithsonian Institution.
Mr. Bancroft was elected by Congress a regent from the city of vVashington, December 11, 187 4. He was appointed chairman of a special
committee to memorialize Congress for a building for the Nationall\Iuseum; he served on a committee under whose direction a portrait of
Prof. Henry was painted, and on January 20, 1875, was elected a member of the executive committee. He resigned from the Board in March,
1878, after serving four years. Mr. Bancroft died on January 17, 1891.
WILLIAM TECUMSEH SIIERl\1AN.

As in the case of Mr. Bancroft, any extended notice of the life of
Gen. Sherman would seem entirely superfluous, but it is fitting that I
should mention here his interested and valuable services upon the
Board of Regents.
Gen. Sherman was elected by Congress a regent from the city of
Washington, January 30, 1871, and became a member of the executive
committee of the Board, March 9 of the same year. His resignation from
the Board was presented November 12, 1874, on account of a change of
residence from Washington to St. Louis.
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The following extract from his letter of resignation expresses his deep
interest in the Institution and his views as to its policy:
In thus severing my official connection with the Smithsonian, I beg
leave to express to you and your associates my sense of the noble task
in which you are engaged, and of my earnest prayer that the institution
under your management will continue to fulfill its magnificent design.
A knowledge of science, that is, of the laws of nature, is so intimately
connected with the advance of higher civilization that Mr. Smithson
displayed unusual wisdom in so endowing his institution that it should
give its principal labor to the increase of knowledge, to accumulating
and securing new knowledge to be added to the old, which should be a
special province of the universities of the whole earth. I therefore coincide with you perfectly in your special construction of the will, and hope
that the Regents will continue to construe it literally as a legacy sacred
in its nature and beneficial in the highest degree.
I beg you will assure your associates that among the many causes of
regret at leaving Washington none impresses me more than that which
forces me to sever my relations with the Regents of the Smithsonian
Institution.
Upon his return to the capital he was re-elected by Congress a regent
from the city of Washington, March 25, 1878, and again became a member of the executive committee on May 17 following. He served as
chairman of a special committee of the Board to make arrangements for
the funeral ceremonies of Prof. Henry, May 13, 1878, and was elected,
January 15, 1879, by the Board to make an address at the memorial
services of Prof. Henry in the United States Capitol. A few extracts
from his address at the services on January 16, 1879, are eminently
characteristic, and may be most appropriately quoted here:
From the beginning the living have paid homage to the virtues of the
dead; for immortality is the dream of man. From Agra· to Washington scarce a city, town, or village but contains some monument designed
to perpetuate the memory of one who has passed from earth. Mountains have been excavated, pyramids built, temples have been erected,
and granite, marble, and bronze shaped into every conceivable form to
give expression to honor, respect, affection, and love for some dead hero,
warrior, statesman, or philosopher. These earthly tributes can be of
no service to the dead, but they form lasting records of deeds held
honorable among men; are strong incentives to noble acts in the present, and mark a steady progress toward that better condition which is
the ultimate destiny of the human race.
We are not assembled to-night to shape in marble, or granite, 01
bronze the human form of our countryman and friend, Prof. Joseph
Henry, but in order that those who knew him best may, by simple tributes of thought and feeling, bear public testimony to the merits of one
who in our day stood forth a most resplendent type of moral and intellectual manhood, and who, with little thought of self, rendered eminent
service in the cause of mankind. He needs no monument, for whereever man goes or human thought travels the poles and continuous wires
will remind him that to Prof. Henry of all men we are most indebted
for the inestimable blessings of the telegraph.
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It was a scientific Englishman, a skillful analytical ehemist of London, who conceived the thought and provided the means whereby Prof.
Henry was enabled to accomplish so much further good. A.rts may
have been lost or forgotton, beeause no longer needed, and the world's
libraries and uuiversities already possessed in abundance the vast
accumulations of knowledge which had for ages been garnered and
stored away in these valuable repositories of learning, yet nature remained so bountiful that there eould be no danger that her fountains
would become exhausted, and Mr. Smithson provided for an institution
which aeeepts all the past, and provides only for the future. He endowed munificently the institution (which bears his name here in
Washington) for collecting new knowledge, and for distributing it to
all parts of the earth. Great was the conception, generous the endowment, and fortunate that the execution fell to the lot of Prof. Henry.

*

*

*

*

*

*

*

For this reason the memory of his life and fame should be treasured
by all as au example to the youth of our land to show that honor and
fame may be earned in the school of philosophy as well as in the more
tempting and active scenes of public life.
Many students, who at this moment are hard at work on their studies
for the advantage of mankind, will feel themselves personally encouraged and honored by the tokens of respect and affection thus paid their
prototype, Prof. Henry; and their stimulated labors in the eause of
that science he loved so well will erect to him a monument more lasting
than of brass or marble.
On January 17, 187D, Gen. Sherman was elected by the Board a member of the commission for erecting the National Museum building, and
on March 7 he was chosen chairman of this eommission.
"The office of member of this commission," he says in his first report,
presented January 19, 1880, "has been by no means a sinecure, weekly
meetings having been held with scarcely an interruption from the first
organization."
The second report Gen. Sherman presented January 18, 1881, and the
final report January 2, 1882. In the latter he" begs to refer to the important fact that, while a building is presented equal in every respect
to what was anticipated - - - instead of incurring a deficiency, the
fund has been so managed as to have to its credit an available balance
of some thousands of dollars."
Gen. Sherman took a great interest in earrying into effect the act of
Congress providing for a statue of Prof. Henry. He was active in inducing Congress to appropriate money to fireproof the east wing of the
Smithsonian building, and he was elected January 17, 1883, by the
Board with the chancellor and secretary upon a special commission "to
act for and in the name of the Board in carrying into effect any act of
Congress which might be passed providing for the erection of an additional building for the National Museum."
His second term as regent expired March 25, 1885, when he removed
his residence to New York. He died February 14, 1891. For eleven
years Gen. Sherman was diligent, active, attentive, and enthusiastic in
his devotion to the Institution.
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The detailed reports from the Bureau of Ethnology, the International
.Exchanges, the National Zoological Park, and the Library, and the
report on the publications of the year are appended.
Respectfully submitted.
S. P. LANGLEY,
Secretary.

APPENDIX TO SECRETARY'S REPORT.

APPENDIX

I.

REPORT OF THE DIRECTOR 0~-, THE BUREAU OF ETHNOLOGY FOR THE
YEAR ENDING JUNE 30, 1891.
SIR: Ethnologic researches among the North American Imlians were COlltiunetl,
under the Secretary of the Smithsonian Institution, in compliance with acts of
Congress, during the year 1890-'91.
A report upon the work of the year is most conveniently presented under two
general heads, viz, field work and office work.
•
FIELD WORK.

The :field work of the year is divided into (1) arch::eology, and (2) general field
studies, the latter being directed chiefly to rf'ligion, technology, and linguistics .
.Archmologic field wm·k.-At the close of the last fiscal year general exploration of
the mound region was discontinued and the arch::eologic field work was placed in the
charge of Mr. W. H. Holmes. During the summer of 1890 he began the work of archmological exploration in the Atlantic coast States. The ancient quarries of quartzite
bowlders and of steatite within the District of Columbia were explored and extensive
excavations were made. This work was continued throughout July, and in August
a quarry site near the new U.S. Naval Observa,tory on a, ridge overlooking Rock Creek
Valley was examined. The phenomena observed upon this site were practically identical with those of Piny Branch described in the last annual report. A large area of
the Potomac bowlder beds, 2 or 3 acres in extent, had been worked over .:to the depth
of several feet by the aboriginal quarrymen and all a,vailable bowlders had been
utilized in the manufacture of leaf-shaped blades. These were probably the blanks
subsequently specialized as spear and arrow points, perforators, and similar instruments.
In August Mr. Holmes made a trip to the Mississippi Valley for the purpose of reexamining some mound groups not explored with sufficient care by the assistants
before intrusted with that work. A week was spent in Grant County, Wis., mapping the remarkable groups of effigy mounds for which that region is noted. Subsequently he visited Pulaski County, Ark., and made a survey of the Knapp mounds
at Toltec Station, whence he proceeded to the vicinity of Hot Springs, Ark., to examine the ancient novaculite quarries near that place. Apparently the early inha bitants had quarried this rock 011 au extensive scale and had used it in the manufacture of spear and arrow points and other articles. The pittings were on a large
scale, even surpassing those of the District of ColumbhLquarries, and had generally
been attributed by white settlers to Spanish gold hunters of an early period.
In September and October Mr. Holmes resumed his explorations iu the District of
Columbia and extended the work into the valley of the Potoma-c between Point of
Rocks and Cumberla-nd, Mel., a.nd into the Ohio Valley as far as Allegheny City. A
trip was n~:;xt maue to the eastern shore of the Chesapeake, and a very interesting
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Indian village site on the Choptank River, 2 miles below Cambridge, was examined.
An ancient community of oyster dredgers had been established on a bluff about 20 feet
above tide level. Subsequently this site was buried by "irind-driven sand to the
depth of 20 feet, and more recently the waves have encroached upon the land, exposing a section of the bluff and its buried village site. The most important feature of
this exposure was the section of an ossuary or burial pit 12 feet in diameter and5
feet deep, which had been dug upon the village site and filled with a mass of disconnected human bones, all of which were in an advanced state of decay. They
were not accompanied by objects of art.
In April Mr. Holmes made a journey to Bartow County, Ga., ancl to Coahoma
County, Miss., to make necessary observations of the great groups of mounds at
these points. The principal Bartow County mound belongs to the group known as
the Etowah group, and is a splendid example of the work of the unidentified builders. The shape of the great mound is that of a four-sided truncated pyramid but is
not wholly symmetric. It is 63 feet high and measures about 175 feet across the
nearly level top. The measurements of the four sides of the base are 380, 330, 360,
and 350 feet. The slopes are steep, reaching in places 45°, and are broken by two
decided eccentricities of configuration. On the south is a terrace from 40 to 50 feet
wide, sloping to the base level of the mound at the east and ending m a nearly level
platform about 45 feet square at the west end. This platform is about 20 feet lower
t1'ran the mound and does not appear to have had means of communication with its
summit. This irregular terrace has been called a roadway, but it has more the
character of an addition to the great mound in process of construction. The other
eccentricity alluded to is a graded way extending out to the east fi·om th e summit
of the mound, and which to all appearances is the real roadway to the summH.
This way is 20 or more feet in width, though somewhat broken down by erosion,
and has a slope of only 21° . There can be little doubt that this mound was the
stronghold of the villa,g e and that its top was inclosed by a stockade.
The Carson mounds in Coahoma County, Miss., form a group of unusual interest.
There are four mounds of large size, two of them being oblong and with thin summits.
The highest has an elevation of 25 feet. Scattered about these large mounds are
nearly a hundred smaller ones from 1 to 6 feet in height and from 10 to 200 feet in
diameter, most of which, as refuse indicates, represent house sites. The house floors
have been of clay well smoothed on the upper surface and the walls and possibly the
coverings have been of clay supported by a framework of canes. The clay has in
many cases been basked, but whether from design in bnilding or through the destruction of the structure by fire, is not easily determined. There are numerous
large pits about the border of the site from which the earth used in building the
mounds has been obtained. The area covered by the village is three-fourths of a
mile long by half a milo wide.
In the spring of 1891 Mr. Holmes began the systematic exploration of the tidewater regions of Maryland and Virginia, which included a study of the art remains
and oft he phenomena of shell banks and village sites, as well as the mapping of all
sites which have interest to the historian and the archreologist. In this work he was
as ssited by Mr. William Dinwiddie and for a short period by Mr. Gerard Fowke.
Through documentary evidence it is known that the tide-water region was occupietl by tribes of Algonquian stock belonging to the Powhatan Confederacy. So
thoroughly have they occupied this country that along the water courses nearly
every available site bears evidence of occupation, and in the sa.lt and bracki"lh sections of tho water courses shell banks-the kitchen-middens of this people-cover the
shores in almost continuous lines. So numerous were the sites that a careful study
of all was found to be impracticable, and it was determined to select for detailed
examination a small number of those that are typical. On the Potomac the following localities have been chosen for a special study: The vicinity of the Little Falls,
at the head of tide water; the site of Smith's town of "Nacotchtank," no\Y Anacos-
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tia; uchapowamsie" Island at the mouth of the creek of that name; the site of the
village of '' Potowomeck" ou Potomac Creek; the shell deposits of Goose Creek, a
branch of Port Tobacco River; the great shell mounds of Pope's Creek, and the oyster dredging stations about the mouth of Wicomico River. Many sites upon the
west shore of Chesapeake Bay and on the Patuxent River; also many village sites
upon the ,Tames, most of them mentioned and located by Capt. John Smith, were
visited and examined. These include "Chesapeac," on Lynnhaven Bay, Virginia,
"Nansamuud," on Chnckatuck Creek, west of Norfolk; Jamestown Island; "Chawopo," upaspahegh," and "Quiyoughcohannock," near Clearmont; "vVeanock," on
Eppes Island, opposite City Point; and "Powhatan" just below Richmond. The
art remains procured from these historic James River sites are identical in nearly
every respect with the Potomac and Chesapeake relics, a fact which bears strongly
upon the question of the unity of the art remains and the identity of the peoples of
the tide-water country.
Mr. Gerard Fowke entered upon his duties as assistant archooologist on Ma,y 1, 1891.
He began at once the exploration of the James River Valley, and at the close of the
year was making excavations in an ancient cemetery near Gale, Allegheny County,
Va. The object of i.hat work, a~ide from the usual archooologic explorations, is to
determine the western limits of areas occupied by the Algonquian tribes and the
eastern limitations of the various groups of peoples belonging to the west.
As above mentioned, the :field work upon mound explorations, which for several
years had been under the charge of Prof. Cyrus Thomas, was discontinued except so
far as was found necessary to correct some errors and supply some omissions. Mr.
Henry L. Reynolds was the only one of the former assistants in the mound division
who was retained. He was engaged during the early part of the last :fiscal year in
making examinations and resurveys of certain ancient works in Ohio, and iu the
spring of 1891 was seut to South Carolina to examine several important works in
that State. Owing to severe illness, which terminated in his death (on April 17,
1891) while in the :field, this last trip was unproductive of scientific results. By the
death of Mr. Reynolds the Bureau has lost a skillful and industrious member, and
arch::eology an enthusiastic student. For some time previous to his death, in addition to his other duties as assistant to Prof. Thomas, he had been engaged in preparing
a paper on the prehistoric metallic articles of the mound area. Tho only other field
work performed in relation to the mounds has been above explained. In order to assist Prof. Thomas in obtaining correct illustrations ancl plats of certain groups in
Mississippi, Arkansas, aml Wisconsin, which were deemed of more than ordinary
importance in the study of the archreology of the mound region, Mr. Holmes visited
those groups aml made careful survey drawings of them, besides collecting important data concerning them.
Late in November Mr. Cosmos Mindeleff was ordered to proceed to the Casa
Grande, on the Gila River, in Arizona, and examine that ruin with a view to its
preservation as provided for by act of Congress, also to prepare plans and specifications and make contracts for the work. He was further directed to make an examination of the valley of the Rio Verde, and collect the data for a report upon the
archooology of that region. Owing to unforeseen delays the contracts for the Casa
Grande work were not executed until May 15, 1891, and were approved by the Secretary of the Interior late in June~ but subsequently the time for the completion of the
work was extended two months. It will be completed by October 1.
During his stay in the vicinity of the CasaGrande Mr. Mindeleff made surveys of
the ruin proper and of the large ruin of which it forms a part, together with photographs, detailed plans, sketches, and notes, with a Yiew to a detailed report. He
found, among other results of his examination, that the ruin is now stallfling to
within a very few feet of the height it had when built and occupied.
Pending the execution and approval of the contracts for the CasaGrande work,
Mr. Miudeleff made an examination of the valley of the Rio Verde from its mouth
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to Camp Verde and beyond. This region had never been thoroughly examined, and
it was deemed highly probable that it would prove as rich in arc4reologic remains
as the region about Camp Verde. Such, however, proved not to be the case. A
chain of settlements was found extending from Camp Verde southward nearly to
Fort McDowell, but ~the ruins are not so numerous as in the region immediately
about Camp Verde. About 10 miles below the latter an extensive and well preserved group of cavate dwellings was found.
The buildings throughout the whole Verde Valley now in ruins were constructed
of slabs of calcareous rock, or of river bowlders, or of Loth, and in their construction,
location, and ground plans are affiliated with the northern type, rather than with
the southern type, of which the best example is the CasaGrande on the Gila River.
Data for a report upon the ruins in the valley of the Rio Verde, and upon the irrigating ditches and horticultural systems there pursued, were collected, and will be
prepared for publication at once. Mr. Mincleleff remained in the field until after the
close of the fiscal year.
General Field Studies.-Mrs. Matilda C. Stevenson remained at the Pueblo of Sia,
New Mexico, from July to September 15 1 1890. She was diligently engaged in completing her studies of the customs and mythology of the Sia Indians explained in the
last annual report. Their cosmogony, and the rites of their secret cult societies, were
made by her special subjects of investigation, with the view of securing a clearer
understanding of their mythology and religious practices.
Dr. W. J. Hoffman, in July, visited the Menomonee Reservation at Keshena and the
Ojibway Reservation at Lake Court Oreilles, Wis., the Ojibwa Reservation at LaPoint,
and the Ottawa Indians at Petoskey, Mich. At Keshena he attended, by request of
the Indians, the annual ceremony of the Mitawit or Grand Medicine Society, an
order of shamans or priests professing the power of prophecy, exorcism of clemons,
the cure of disease, and the ability to confer success in the chase. The introductory
portion of the ritual of initiation of this society embraces the dramatization of the
Menomonee ideas of cosmogony and the genesis of mankind, the reception by the Indians from the Great Manito of the power of warding off disease and hunger, and instruction to c::mcliclates as to the proper mode of living, so as to gain admission into
the realm presided over by Naqpote, the wolf, who is brother of Manabm;h, the
mediator between the Menomonee and the Great Manito. The services of initiation
of thesp, ceremonies are preceded by a mortuary ritual lasting one entire night, in
honor of the deceased member, whose place is filled later on by the initiation of a
substitute.
Investigations were made at the Menomonee ceremony to compare it with a similar
ritual found among the Ojibways. It appears that the Menomonee practices are offshoots from the Ojibw::ty, aml also that where the Ojibway shamans repeat certain
phrases in an arch::tic form of language, as handed clown to them, the Menomonee
employ Ojibway words and phrases, perhaps to mystify the hearers, or perhaps because the ritual was obtained from the Ojibway in that form. The preparation of
textile materials used in the manufacture of the several kinds of mats made by the
Menomonee was also investigated and typical specimens were secured. Water color
and other sketches were made to illustrate ceremonies, daily avocations, the aboriginal houses, grave boxes, and other objects of interest.
Upon the completion of his work at the above reservations, Dr. Hoffmanprocedecl
to La Point to inquire of the Ojibway shamen concerning certain sacred birch-bark
charts employed by them in the introduction of candidates into the society of shamans, and also to secure a,clclitional information relative to the explanation of picto··
graphic cosmogony records. He then visited the Ottawa Indians on the eastern
shore of Lake Michigan, near Mackinaw, to ascertain whether the ceremonies of
the 1' Grand Medicine Society" were still practiced by them. This body of Indians
professes to have discontinued these pagan 1:ites, bnt assert that a band of the
Ottawa, living farther soutl1, near Grall(l Traverse, adheres to the primitive belief,
and conducts its cer.emonies annually.
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Mr. James Mooney made a short visit in July to the mountain region of North
Carolina and Tennessee, the former home of the Cherokees, for the purpose of collecting additional facts for his monograph upon that tribe. In connection with the
same work he had intended to visit the Cherokee Nation in the Indian Territory in
the following winter, but iu the meantime the "Messiah religion" had be~nm to
attract so much attention that he was directed to investigate that subject also at
the same time, as well as to gather more material bearing upon the linguistic affinities of the Kiowa tribe. He left Washington December 22, aml proreeding at once
to the Cheyenne au~l Arapahoe Reservation in Indian Territory, where the ghost
dances were in full progress, remained for several weeks studying the dance, making photographs, and collecting the songs ns<'d. This last was the most important
part of the study, as most of tht> Messiah r<'ligion is embodietl in songs many of
which go to the root of Indian mythology. That religion is a remodeling of aboriginal beliefs as iuUuenced by the ideas of Christianity lately imbihetl from the white
man, to be used for the utter confounding of the white man himself. It is in no
sense a warlike movement. It is somewhat remarkable that the ghost songs in nse
by the variom; tribes are almost all in the language of the Arapahoes, the members of
that tribe being the most active propagators of the new religion and their language
being peculiarly adapted to music.
He then proceeded to the Kiowa Reservation, where linguistic and other materials
were obtained, by which it may become possible to finally classify that hitherto
isolatecl tribe. Additional ghost-dance material was also collected. After revisiting the Cherokee Nation, where several weeks were devoted to gathering information_, especially in regard to the Indian geography of upper Georgia, he returned to
\Vashington early in April.
In accordance with arrangements for the ·world's Columbian Exposition it was
decided to make a tribal exhibit from one of the more primitive prairie tribes. The
Kiowas were selected for the purpose ancl the work was assigned to Mr. Mooney,
who at once prepared to return to their reservation. During May and June he collected a large variety of articles illustrative of the home life, arts, dress, aud ceremonials of the tribe, and was still in the field at the close of the fiscal year.
OFFICE WORK.

The Director during the year devoted all the timr he could spare from other official duties to the completion of a work on the linguistic families of North America.
His undertaking to classify the North Ameriean languages so as to be of scientific
value as well as of practical use has been explainetl in previous reports. This classification is recognized to be, when properly made, an indispensable preliminary to
all accurate ethnologic work relating to this continent. The essay, with its accompanying linguistic chart, was delivered to the Public Printer during the year, to
form part of the seventh annual report of this Bureau, though that volume at this
oate has not yet been actually issued.
Col. Garrick Mallery, U. S. Army, during the year, when not occupiecl in special
and occasional duties designated by the director, was engaged iu arranging for publication the material gatherCll by him during several former years on the general
theme of pictography. That title is used to embrace all modes of expressing and
communicating thoughts and facts in a durable form without reference to sound.
Such modes of expression being at one time if not still independent of oral language,
the study of their history, evolution, and practice may assist iu the solution of some
ethnic and psychic problems, and mny verify or modify some theories of anthropologic import. ln the scheme of arrangement for publication the objective exhibition of mental concepts by the North American Indians has been classitied with
-proper predominance, as it has exceeded in interest all others known which have not
passecl beyond the lwtm<laries separating ideograms aml emblems from syllabaries
and alphabets. In o:rcler to promote explanation ancl comparison, however: copies
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awl descriptions of a large number of petroglyphs and other forms of pictographs
fouud in Europe, Asia, Africa, Australia, and in many islands have been collated for
the publication of selected and typical illustrations. With the same object, still
more earnest attention has been directed to the synoptic presentation of illustrations
from Mexico and Central and South America, as being presumably more closely connected than is the eastern hemisphere with the similaT developments found in the
present area of the United States, whether enduring on Tocks with authOTship unknown, or actually in current use among most of the Indian tribes. At the close of
the fiscal year the treatise was substantially completed, the delay in its delivery to
the Public Printer, as the contents of one of the forthcoming volumes in the series of
annual reports of this Bureau, being occasioned by the preparation of the large number of illustrations required.
Mr. Henry W. Henshaw during the entire year devoted his time to admimstrative
work and to continuing the preparation of the Dictionary of Indian Tribes, before explained in detail.
Prof. Cyrus Thomas was engaged during the year chiefly in the preparation of the
second volume of his report on the archreology of the mound area of the United
States, and other office work necessary in connection with the publication of a
bulletin on the list of mound localities, the preparation of maps therefor, and of illu~·
tmtions for the first volume of his report. When the whole manuscript was taken
up for examination, preparatory to printing, its bulk was found to be too great for
one volume. It was then decided to publish the part relating to mound localities in
a bulletin. As this necessitated some change in the manuscript, the opportunity was
embraced to incorporate the additional data which had been obtained. The bulletin
was in print at the close of the year, though not yet issued.
Mr. W. H. Holmes included in his office work the preparation for the monographs
of Prof. Cyrus Thomas of papers upon pottery, shell, textile fabrics, pipes, and
other productions of the mound-building tribes, and the wTiting of reports upon . the
numerous explorations made during the year. These reports have been brought up
to date and are on file. He has adopted the policy of preparing reports upon field
work for file as the work proceeds, and his assistants are expected at the close of each
s~parate piece of exploration or unit of study to make a report upon it of a sufficiently
finished nature to serve the purpose of record and reference in case of their disability
or separation from the office.
Rev. J. Owen Dorsey prepared the index to his monograph, The <j;egiha LanguageMyths, Stories, and Letters, and corrected the proof sheets of the second part of
that volume. He resumed his work on the cpegiha-English dictionary, inserting
many new words occurring in the texts and referring to each new word by page and
line of the text. He devoted considerable time to the synonymy of the Athapascan,
Caddoan, Kusan, Siouan, Takilman, and Yakonan families; comparing authorities,
writing historical sketches of the tribes, gentes, and villages of those linguistic
families, and rearranging all the material, in order to have it ready for printing.
From December, 1890, to March! 1891, with the aid of a Kwapa delegate in Washington, he collected much information respecting the Kwapa or Quapaw tribe, a peo.
ple closely related to the Omaha and Ponka, from whom they separated prior to
1540. Since March, 1891, he has been elaborating that material, which consists of
about 150 personal names, arranged according to sex and gens, with the meaning of
the name whenever attainable; over 3,500 entries for a Kwapa-English dictionary
and several epistles and myths with grammatical and sociologic notes. This material
will be of great assistance to him in the preparation of the Cpegiha-English dictionary and other papers.
He also prepared for publication the following papers: A study of Siouan cults,
illustra.ted with numerous sketches colored by Indians; Omaha and Ponka letters,
containing the Cbegiha epistles, which could not be published in Contributions to
North American Ethnology, Vol. VI; an illustrated paper on Omaha dwellings, furniture, and implements; a paper on the social organization of the Siou.~u t:r:iQe&,
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Mr. Albert S. Gatschet during the :fiscal year was engagell in office work only.
After having completed the manuscript of the "Ethnographic Sketch" of his work,
"The Klamath Indians of Southwestern Oregon/' which was published during the
year as Vol. n, Part I, of Contributions to North American Ethnology, he read the
proof of it, which was completed in October, 1890. Since then he has been extracting, copying, and carding the vocabularies and other matter collected by him during
the past ten years. This wOTk is now accomplished concerning the Tonkawe, the
Hitchiti, the Shawano, and Powhatan. That relative to the Creek, will soon be completed. A large number of personal tribal and vocal names of Indian origin were
collected and partly explained in the intervals of the above work.
Dr. \V. J. Hoffman continued the arrangement and classification of material relatting to the society of shamans of the Ojibwa Indians, which, together with numerous illustrations, was prepared for publication, and will form part of the Seventh
Annual Report of the Bureau. This work will present from aboriginal records au
exposition of the Ojibwa traditions of cosmogony and genesis and the dramatized
ritual of the myths relating to the same. The musical notation of the songs and
chants employed before and during the ceremonies of initiation, and copies of all of
the birch-bark charts bearing the mnemonic characters relating to the ritual will
be incorporated in the paper, together with the original texts. Dr. Hoffman has
also been engaged in the elaboration of the data and sketches relating to the pictography and gesture language of the North American Indians, secured by him
during previous field seasons.
Mr. James Mooney devoted the earlier part of the fiscal year to the elaboration of
his Cherokee material, the :first results of which, under the title of" Saered Formulas of the Cherokees," will appear in the Seventh Annual Report of the Bureau. He
also prepared a short descriptive catalogue of his previous ethnologic collections
from the Cherokees, and began work on a paper contending that the South Atlantic
States were formerly occupied by a number of Siouan tribes, if indeed that region
was not the original home of the Siouan stock. In connection with this investigation a closer study of the linguistic material from the Catawban tribes of Carolina
confirms the statement which has before been pu~blished by this Bureau, that they
belonged to the Siouan family. Mr. Mooney also at intervals assisted on the Dictionary of Tribal Synonymy.
Mr. James C. Pilling has continued his bibliographic work throughout the :fisca]
year. At the date of the last report he was engaged in reading proof of the Bibliography of the Algonquian Languages. The volume is now ready for the press, and
will include 614 pages and 82 full page illustrations, chiefly facsimiles of the titlepages of rare books, syllabaries, and other interesting bibliographic features. It is
hoped that the work will be ready for distribution during the autumn of 1891.
Among the special articles in it is one relating to the labors of "Apostle" Eliot
among the Indians of Massachusetts, and more especially to his linguistic work. As
this author was the earliest and the most noted of those engaged in this line of work,
considerable space was devoted to him and his works, and it was thought proper to
issue the article in separate form. It is noted below under the heading of Publications.
Mr. Pilling has ceased to be connected with the U. S. Geological Survey, being
transferred to the Bureau of Ethnology, his appointment taking efi'ect May 1, 1891.
The stock or family of languages proposed to form the subject of his next bibliographic memoir is the Athapascan.
Mr. J. N. B. Hewitt has continued his work on the Tuskarora dictionary, the Tuskarora-English part being well advanced and the English-Tuskarora part commenced. Much material for the compilation of a complete grammar of the Tuskarora-Iroquoian tongue was added to that before acquired. For this object such
anomalous, redundant, and defective verbs as have been recorded in the dictionary
have been conjugated in all the derivative forms of which they are susceptible; a
difficult but instructive task. Several regular verbs have also been conjugated to
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de>telop all their known derivative forms. The number of possible derivative forms
of a regular verb in the several conjugations is estimated by Mr. Hewitt to vary
between 2,800 and 3,000. This numeration is of interest, because it has been asserted
by students of Indin.n languages that the number of possible derivative forms of an
American Indian v~>rb is infinite, and, secondly, because it has been estimated that
a Greek verb so conjugated would be represented by about 1,300 forms.
· Grammatic gender has also received special attention. There are in the TuskaroraIroquoian tongue three genders, which Mr. Hewitt names the anthropic, the zoic,
and the azoic, which are expressed through the prefii pTOnouns only. In the anthropic gender alone sex distinctions are found, and hence there are masculine and
feminine pronouns therein. But in the zoic and azoic genders sex is not indicated.
Hence, by the prefit pronouns the objects of discourse are classified into three
genders.
Mr. Hewitt continued making translations from the old French writers, Perrot,
Lafitau, La Potherie, and others, of the notices and accounts of the beliefs, rites, and
ceremonies, superstitions, and mythic tales of Iroquoian peoples. These were collated as aids in explaining and elaborating the matter collected in the field personally by him. By their confirmative testimony, joined to the evidence of etymology,
the Iroquoian cosmogony or genesis myth is found to originate in the personification
by the Iroquoian mind of the elements, powers, processes, and the living creatures
of the visible and sensible world.
Mrs. Matilda C. Stevenson was engaged from the latter part of September, 1890,
to June 30, 1891, in preparing for publication the material collected at the Pueblo of
Sia, New Mexico, during the preceding spring and summer.
Mr. Cosmos Mindeleff during the first five months of the fiscal year was occupied
upon the card catalogue of ruins referred to in the last-Annual Report and in the
compilation and preparation of maps showing the distribution of ruins in the southwestern part of the United States. This work was temporarily discontinued late in
November, when he was ordered into the field, as above explained.
He also has continued to be in charge of the modeling room. Its force during the
year was devoted excltmively to the "duplicate series," reference to which has been
made in previous reports, and no new work was undertaken. Five models were
added to the series, ranging in size from 16 square feet to 250 square feet, and comprising the following subjects: Mummy Cave Cliff Ruin, Arizona; Pueblo of vValpi,
Arizona; Pueblo of Sechumovi, Arizona; Ruin of Penasco Blanco, New Mexico; and
Pit of Nelson Mound. This series is nearing completion, and the Bureau now has
material sufficient to form the nucleus of an exhibit such as it is often called upon
to make, without disturbing its series of original models now deposited in the National Museum. It has also a small number of models which can be drawn upon to
supply the demand for such material in the way of exchange with colleges and
other scientific institutions.
1\tlr. Jeremiah Curtin was occupied with office work exclusively during the year.
From July 1, 1890, until February 1, 1891, he arranged and copied vocabularies
which he had previously collected in California, namely, Hupa, Ehnikan, Weitspekan, Wintu, Yana and Palaihnihan. He devoted the later months of the year to
classifying and copying a large number of myths which he had collected among the
Hupa, Ehnikan and Wintu Indians. These myths are for the greater part connected
with medicine, though some are creation myt.h s and myths relating to religion and
the origin of various tribal customs and usages.
Mr. De Lancey W. Gill continued in charge of the work of preparing and editing
the illustrations for publications of the Bureau. The work clone for the year ending ·
June 30, 1891, was as follows:
Drawings of objects and ethnologic specimens ancl miscellaneous diagrams...
Ancient ruins, earthworks, and landscape drawings_ ..... _..... . . . . . . . . . . . . . .
Maps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

422
133
47

Total ........................................................ __ . . . . . . .

602
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These drawings were prepared from fiel<l surveys and sketches, from photographs,
and from the collections brought in by the ethnologists.
The photographic work remains under the able management of Mr. J. K. Hillers.
Photographic negatives were secured from sittings of Indians representing the following tribes, viz : Sac and Fox, Senecas, Oreek, and Cherokee. From these negatives 129 prints were furnished.
PUBLICATIONS.

The publications issued during the year are:
(1) Contributions to North American Ethnology; Volume n, Part I; The Klamath
Indians of Southeastern Oregon, by Albert Samuel Gatschet, a quarto volume of cvi
711 pages and map. This part includes an ethnographic sketch of the Klamatli people, texts of the Klamath language, with explanatory notes, and a grammar of the
Klamath language. The second part comprises the Klamath-English and EnglishKlamath dictionaries. It was in type at the end of the last fiscal year, but was not
then received from the Public Printer.
(2) Bibliographic notes ou Eliot's Indian Bible and on his other translations and
works iu the Indian language of Massachusetts. This is an abstract from a "Bibliography of the Algonquian Languages," by James Constantine Pilling, and forms
pages 127-184 of the Algonquian Bibliography to be soon issued. As separately issued
these "Notes" constitute a roy<tl octavo pamphlet of 58 separately numberefl pages.
Two hundred and fifty copies were printefl and issued.
lt is with profouu(l pleasure that attention is called to this abstract of the work of
the officers of the Bureau during the term of a single year. By long tr<tining, by
great zeal, and by deep scientific insight, these gentlemen are now able to accomplish
results far beyond expectations when the Bureau was originally organized. The
researches in this field have passed beyond the elementary stage, and the significance
of the data being rapidly gathered beco~es more ancl more appa,rent.
Very respectfully yours,
J. W. POWELL,
Di1·ector, Bu1·eau of Ethnology.
Mr. S. P. LANGLEY,
Seareta1·y Smithsonian Institution.

+

.APPENDIX

II.

REPORT OF THE CURATOR OF EXCHANGES FOR THE YEAR ENDING JUNE
30, 1891.
SIR: I have the honor to present the following brief statement of the operations
of the Bureau of International Exchanges for the fiscal year ending June 30, 1~91.
TABULAR STATEMENT OF TH:£ WORK OF THE BUREAU.

The work done by the Bureau during the year is succinctly stated in the annexed
table, prepared in a form similar to that adopted in preceding reports:

Transactions of the Bnrean of International Exchanges during the fiscal yem· 1890-'91.
~

~

....

.._;
"'~
....~

Date.

CJJ"Oj

::;o

~....
~

"'....
~

~

~

H

H

~

~~

--

1890 .

.July . . . . . .. . . . . 9, 197
August........ 4, 214
September..... 5, 693
October . . . . . . . 12, 144
November..... 5, 375
December. . . . . . 4, 507

15,968
28,842
12,670
23, 568

1, 447
1, 327
1, 577
1, 926

65
67
62
101

201
157
141
207
182
166

170
102
136
2:J8
2:39

91
85
60

164
165
22[)

317
151
19[)

168
195

174
259.

l5i

1891.

--·------~~ ---_-_-_·_-_-_-_

,January ....... 10,749
February . . . . . . 8, 220
March . . . . . . . . . 4, 616

23,566 .......................
21, 258 . . . . . . . . . . . . . . . . . . . . . . .
15, 253 . . . . . . . . . . . . . . . . . . . . . . .

April ..........

13,727 ................ -------- ~ -----·-· ........
22, 396 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

5,150
May . . . . . . . . . . . 13, 350

. . .. . . . . . . .. . . .

.JLme ........... ~~ 18,122 .:....:....:....:....:....:....:....:....:....:....:....:....:....:....:....:....:....:....:....:....:....:....:....:....:....:....:...
Total . . . . 90, 666 _ 237, ~12

Increase over
1889-'90-.--..

38

8, 094

5,_981

1, 588

7, 072

33, 955 --8~0-- 157

732

:._!:__207 _

29~047

1, 107 , 15, 831

1,414 \.
2, 630
1, 992

1,862 1 46
1, 072
78 1

4,444--~~~

285

21, ~~~1 96~ ~ 2, 207_ 2, 417
4, 97~9

698

792
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The rapid rate at which the Exchange work is growing is very plainly shown by
a comparison of these figures with the similar ones of reports since 1886 in the table
below:
I

1886-'87. ~188;-'88.

Number of packages received ...............
61, 940
75, 107
Weight of packajres received ..................... I 141,263
149,630
Ledger accounts:
4,194
Foreign societies ........................... - . -I }
7, 3!!6 {
4,153
Fo,eign individmUa .......................... - ~

I

~:::::~: :~:::~~:~~~:::::: ::: :::::::: :: :: :: ::: }
.

Domestic packages sent ...........................
1
Invoices written .. ...... .. ......... .... ...... ..... I

~::::r:~.~l~:~e~~~~~~-~ ~: ~ ~ ~: ~ ~: ~: ~: :::::I
: :: :: :::::
Letters written .. ................................

·I

2,165 1{
10, 2!li
15,288
692
1,131
1, 217

1, 070
1, 556
12,301
13, 525
663
1, 062
1, 804

1888-'89.

1889-'90.

75, !!66
179, !!28

82,572
202,657

!!0,666
237,612

4, 466
4, 6!l!l
1, 355
2,610
17,218
14,095

5,131
6, 340
1,431
3,100
13,216
16,948
873
1, 50!)
1, 625

5, !181
7, 072
1, 588
4, 207
29,047
21, !l23
962
2, 207
2,417

693

I

1,214 1
2, 050

1890-'91.

i

EXPENSES.

The expenses of the Exchange Bureau are met in part by direct ::tppropriation from
Congress and in p::trt by appropriations made to Government Departments or
Bureaus, either in the contingent funds or in specified terms for repayment to the
Smithsonian Institution of a portion of the cost of transportation. To each of the
Departments or Bureaus sending or receiving publications through the Smithsonian
Institution a charge of 5 cents per pound weight is made under the authority of a
resolution by the Board of Regents in 1878, this charge being necessary, as the appropriation made by Congress directly to the Institution for exchange purposes has
never been sufficient to meet the entire cost of the work. For similar reasons it has
been found necessary to make a charge of the same amount to State institutions, from
which a furtber small amount has been received.
The direct appropriation by Congress for the year 1890-'91 was in the following
terms:
For expenses of the system of International Exchanges between the United States
and foreign countries, nuder the direction of the Smithsonian Institution, includin <r
salaries and compensation of all necessary employes, $17,000.
D
The receipts and disbursements by the accounting officer of the Smithsonian In6titution on account of International Exchanges, dated July 1, 1891, for the preceding fiscal year, were as follows:
H.ECEIPTS.

Direct appropriation by Congress ..................................... . $17,000.00
Repayments to the Smithsonian Institution from United States Government Departments .................................................. .
3, 361.12
State institutions ..................................................... .
9.95
'l'otal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

20, 371. 07
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-----------------------------------------

From Con- I
gressional . Repayappro- I ments.
})riations.
~--

~~------ -

Salaries and compensation .................................................... .. $14,159.46 '
1, 298.33 I
Freight ............................. ---·-· ... ....... . -----.-- .. - ... --.---------.
Packing boxes ................................................................. .
758. 16 I
Printing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
189. 05 '
Postage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
184. 58

-_

~!:~~::~:~s- ~ ~ ~ ~ ~: ~:::::

-_:::::::::::::: :::: :::: ~:: :::::: :::: ::: : :::::: : ::: :::- - --~~~--~~- I
17, 000. 00

$3, 382.21

The above table shows that the entire amount received from Government Bureaus
was $3,371.07, making the sum practically appropriated $20,371.07. Previous reports
have pointed out the desirability of combining in a single item the various appropriations for the Exchange service, now divided in comparatively small sums among
several of the large appropriation bills. For the year 1890-'91 an estimate for the
entire expense of the service of $29,500* was submitted, this sum being intended to
include these smaller amounts alluded to and also an item of $2,000 to cover the expense of an immediate exchange of Parliamentary documents with the countries
entering into the treaty of Brussels of 1886, as well as to provide for a proper compensation to several of the larger steamship companies for transportation of freight,
a service now performed without charge. The amount appropriated was$17,000, an
increase of $2,000 over that of the preceding fiscal year.
CORRESPONDENTS.

The name of each correspondent of the Bureau, whether society, institution, or
individual, ie entered upon a la.rge card, which shows all packages received at the
Bureau for the person or institution and also the packages sent to the Bureau for
distribution. These cards have now accumulated to the number of 18,848, divided
mto foreign societies, foreign individuals, domestic societies, and domestic individuals. The individuals that have died and the societies that have ceased to exist are
still retained for convenience of reference in the same file.

I

Foreign. [ Domestic.
I

Societies and institutions .....................................................

Indiv~;:ta:;: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

j

·5, 981

I

1, 588

:!--,:: :;: 1---:-:-~:-:

A comparison with similar figures for 1889-'90 shows a total increase of 2,846
cards.
INTERNATIONAL EXCHANGE OF Ol?FICIAL DOCUMENTS.

Under the treaty, the text of which was given in full in Dr. Kidder's Report on
Exchanges for the year 1887-'88, the exchange of the official publications of the
United States Government with the other Governments adhering to the treaty, is
conducted through the Smithsonian Institution Bureau of International Exchanges,
*See report of the Secretary of the Smithsonian Institution, 1890, pages 18and 19.
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and this, together with the transmission abroad of the publications of the various
departments or bureaus of the Government, now forms a very large proportion of
the Bureau's work.
The entire number of publications sent abroad during the year, under the provision of the act of Congress of March 2, 1867, was 20,683, and there have been received
in return 8,836 packages or volumes. The United States Government Departments
have forwarded to their correspondents abroad through the Bureau 20,041 packages,
and have received in return11,76J packages. The total then of the exchanges on
Government account has been 20,600 packages received, and 40,724 sent auroad, a
total of 61,324 packages or 67.75 per cent of the total number handled. This exchange on account of the Government Bureaus is shown in detail in the following
table:
Statement of governmental exchanges d·i stribnted duri11g the year 1890-'91.
Packages.

IReceived
for.

Sent
by.

I

---

American Ephemeris .......... .
Army Medical Museum ....... .
Astrophysical Observatory ... .
Attorney-General ............. .
Board of Indian Commissioners.
Bureau of Education ......... ..
Bureau of Ethnology ......... .
Bureau of Exchanges ......... .
:Bureau of Medicine and Surgery ........................ .
:Bureau of Navigation ..... - ... .
:Bureau of Ordnance, U.S.Navy.
:Bureau of Rolls, State Department ........................ .
Bureau of Statistics .......... .
Bureau of Mint .............. ..
Census Office .................. .
Commissioners of the District
of Columbia ................ .
Comptroller of the Currency .. .
Department of Agriculture ... .
Department of Interior ....... .
Department of Labor ......... .
Department of :5tate .......... .
Department of War ........... .
General Land Office ........... .
Honse of Representatives ..... .
Hydrographic Office ........... .
" Index Medi<'ns " ............. .
Interstate Commerce Commis·

Packages.

J

---------------

Sent
by.

2
Nation;:tl Board of Health .....
188
Nautical Almanac ............ .
20
6
Navy Department ............ .
...... -- ~~ Office of ln<~ian Affair~ ....... .
70
38
1- • • • • • . • Office of Ch1ef of Engmcers .. .
10
Ordnance Bureau, U.S. Army .
11 Post-Office Department ...... .
15
Public Printer . .. . .. .. .. .. . . . . . .. .. .. . .. ..24, 050
Smithsonian Institution (as·
1
signed)......... . . . . . . . . . . . . . . . . . . . . . . .
314:
Smithsonian Institution, mail.
7,344
2, 2i3
Smithsonian Institution ..... .
8,407'
Smithsonian Institution, re4()
turn packages .............. .
. . ... .. . Soldiers' IIom_e ............... .
Surgeon-General's Office ..... .
146
580 1
President of t!Je United States.
1
3:
Botanic Garden .............. .
2
U.S. Coast Survey ........... .
69
37
U.S. Commission of Weights
880
and Measures .............. .
102
U. S. Entomological Commis- I
19
sion ........................ .
1 U. S. Fish Commission ........ I
51
261 l
414
3, 3701
U.S. Geological Snrvey ....... .
29!J
U.S. National Museum ... . ... .
2, 138.
I_ . .
JH)
U.S. Naval Observatory ...... .
2, 149•
U. S. Patent Office ............ .
48T
38 I
U.S. Signal Oftice ............ .
24Ct
I
I
U.S. Treasury DepartmenL ... .
-----------

1 . . .. . . ..
44
1
1
1
70
95

...... ·I

32

:I
2
120
16
17

14

:I

1~ -~~~-'

uo

9~

Li~;:.~-~~-- ~-~1~~:-~~~-::::::::::: .... ~.-~;~ ....... Ill-- \
Light-llouse :Board.............
National Academy ............ ·[

Reeeh·ed
for.

2
269

527

20,600

TotaL . . . . . . . . . . . . . . . . . . . .

44, 09l!

64, ll91

I
~--------------------~---------

*This figure represents fifty sets of the official pu blieations of the United States Government received
from the Public Printer. Forty-three sets are now distributed under the law, and thus the total number of packages distributed experiences a reduction of 3,369, leaving as a total ll1,324 packages.
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Adding the miscellaneous exchanges to the total of Government exchanges, the total
is 90,666 packages. Of this number 61,619 were received for foreign and 29,047 for
domestic distribution.
The Government of Paraguay, the first to carry out the provisions of the treaty of
Brussels for the immediate exchange of parliamentary annals, began at the end of
June, 1890, the regular transmission of the Official Journal and the Gazette of the
Paraguay Congress. Pending the passage by Congress of a bill making special provision to enable the Institution to carry out this treaty, as the recognized Exchange
Bureau of the United States Government, no return for this exchange has yet been
made. A bill appropriating $2,000 for the purpose named passed the Senate at the
last session, but failed to reach consideration in the House of Representatives.
It is gratifying to note that on July 25, 1890, announcement was made of the establishment by the Government of New South Wales of a special board. for receiving
and transmitting International Exchange publications. The exchange with that
country has heretofore been effected through the Royal Society of New South Wales.
Notice was also received of the establishment by the Government of Uruguay on
December 10, 1890, of an Exchange Bureau designated as the Oficina de Deposito,
Reparto y Canje Internationales.
EFFICIENCY OF THE SERVICE.

The recommendation for an additional assistant in the shipping room having received your approval by the transfer in October, 1891, of Mr. George L. Snider from
the Smithsonian to the exchange roll, it is believed that the exchange work at the
close of the fiscal year was in more satisfactory condition than ever before. Eight
thousand and ninety-four more packages were handled than in the previous year, an
increase of 10.2 per cent, and on J nne 30, 1891, all that could be disposed of had been
shipped, leaving but 153 packages then on hand.
Packages received from abroad for distribution in the United States are sent out
by registered mail, a record being made of each package showing the sender and the
person or institution addressed. As a rule, this record can be made, the package can be
rewrapped in stout paper and can be delivered at the post-office on the day, or within
one or two days of its receipt. In some instances where the Bureau is crowded by
tbe receipt of several thousand Government documents, a little longer delay may
take place.
Books for distribution abroad received from individuals or institutions in the
United States are entered in a similar way and are held until a sufficient number
have accumulated to make a reasonable shipment to any one country. They are
then carefully examined and a list for each country is made up and the volumes
packed and shipped. Where a large number of packages for one country are received from any institution they are usually shipped with a delay of from one to four
or five days.
An improvement in foreign transmissions has been made in the Exchange Office
by increasing the frequency of shipments. The number of shipments to each country
and the date of shipment is given in Exhibit A appended, but tho great need at
present is a more rapid. communication with the principal European countries. This
can only be effected when the appropriation by Congress becomes sufficient to enable
the institution to p:ity for fast freight. As it is now, free freight is granted by a
majority of the steamship companies, and where it is necessary to pay for transportation, the boxes must be sent by slow steamers offering low rates.
Dr. Felix Fliigel in Leipzig, and Messrs. William Wesley & Son, in London, the
foreign agents of the Institution, have paid the same careful attention to its interests as in former years. I regret to note here the death of the senior member of the
firm of William Wesley & Son, which occurred on April17, 1891. I also have to note
the death of Dr. Felipe Poey on Jan nary 28, 1891. Dr. Poey bas taken charge of the
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Smithsonian exchanges in Cuba since 1876, and his son, Dr. Frederic.Poey, has khHlly
offered to continue the work.
Grateful acknowledgments are also due to the following transportation companies
an<l firms for their continued liberality in granting free freight, or in otherwise
assisting in the transmission of exchange parcels and boxes, while to other firms we
are indebted for greatly reduced rates, in consideration of the disinterested services
of the institution in the diffusion of knowledge.
LIST OF SHIPPING AGENTS GIVING FREE FREIGHT.

Allan Steamship Company (A. Schumacher & Co., agents), Baltimore.
d'Almeirim, Baron, Royal Portuguese consul-general, New York.
American Board of Commissioners for Foreign Missions, Boston.
American Colonization Society, Washington, District of Columbia.
Anchor Steamship Line (Henderson & Bro., agents), New York.
Atlas Steamship Company (Pim, Forwood & Co.), New York.
Bailey, H. B., & Co., New York.
Barber & Co., New York.
Bixby, Thomas E., & Co., Boston.
Borland, B. R., New York.
Bors, C., consul-general for Sweden and Norway, New York.
Botassi, D. W., consul-general for Greece, New York.
Boulton, Bliss & Dallett, New York.
Calderon, Climaco, consul-general for Colombia, New York.
Caldo, A. G., consul-general for Argentine Republic, New York.
Cameron, R. W., & Co., New York.
Baltazzi, X., consul-general for Turkey, New York.
Compagnie, Generale Transatlantique (A. Forget, agent), New York.
Cunanl Royal Mail Steamship Company (Vernon H. Brown & Co., agents), Ne"'' York.
Dennison, Thomas, New York.
Espriclla, Justo R. de la, consul-general for Chile, New York.
Florio Rubattino Line-Navigazione Generale Italiano (Phelps Bros. & Co.), New
York.
Grace, W. R., & Co., New York.
Hamburg American Packet Company (R. J. C01·tis, manager), New York.
Hensel, Bruckmann & Lorbacher, New York.
Inman Steamship Company (Henderson & Bro., agents), New York.
Mantez, Jose, consul-general for Urugnay, New York.
Merchant, S. L., & Co., New York.
Muiloz y Espriella, New York.
Murray, Ferris & Co., New York.
Navarro, J. N., consul-general for Mexico, New York.
Netherlands American Steam Navigation Company (W. H. Vanden Toorn, agent),
New York.
New York and Brazil Mail Steamship Company, New York.
New York and Mexico Steamship Company, New York.
North German Lloyd (agents: Oelrichs & Co., New York; A. Schumacher & Co.,
Baltimore).
Obarrio, Melchor, consul-general for Bolivia, New York.
Pacific Mail Steamship Company (H. J. Bullay, superintendent), New York.
Panama Railroad Company, New York.
Pioneer Line (R. W. Cameron & Co.), New York.
Perry, Ed., & Co., New York.
Pomares, Mariano, consul-general for Salvador, New York.
H.ed Star Line (Peter Wright & Sons, agents, New York and Philadelphia).
Royal Danish consul, New York.
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Royal Spanish consul, New York.
Ruiz, Domingo L., consul-general for Ecuador, New York.
Stewart, Alexander, consul-general for Paraguay, Washington, District of Columbia.
Toriello, Enrique, consul-general for Guatemala, New York.
Vatable, H. A., & Co., New York.
White Cross Line of Antwerp (Punch, Edye & Co.), New York.
Wilson & Asmus, New York.
LIST OF THE FOREIGN CORRESPONDENTS OF THE SMITHSONIAN INSTITUTION ACTING
AS ITS AGENTS I!'OR THE INTERNATIONAL EXCHANGES.

Algeria: Bureau Pran9ais des Echanges Internationaux, Paris, Prance.
Austria-Hungary: Dr. :Felix Pliigel, No.1, Robert Schumann, Leipzig, Germany.
Brazil: Biblioteca N acional, Rio Janeiro.
Belgium: Commission des Echanges Internationaux, Rue du Mus~e, No.5, Bruxelles.
British America: McGill College, Montreal, or Geological Survey Office, Ottawa.
British Colonies: Crown Agents for the Colonies, London, England.
British Guiana: The Observatory, Georgetown.
Cape Colony: Agent-general for Cape Colony, London, England.
China: Dr. D. vV. Doberck, government astronomer, Hong Kong; for Shanghai:
Zi-ka-wei Observatory, Shangliai.
Chili: Museo Nacional, Santiago.
Colombia (U. S. of): National Library, Bogota.
Costa Rica: Bi blioteca N acional, San Jose.
Cuba: Dr. Frederick Poey, Calle del Prado, 29.
Denmark: Kong. Danske Videnskabernes Selskab, Copenhagen.
Dutch Guiana: Surinaamsche Koloniaale Bibliotheek, Paramaribo.
East India: Secretary to the Government of India, Calcutta. ·
Ecuador: 0 bservatorio del Colegio N acional, Qui to.
Egypt: Institut Egyptien, Cairo.
Prance: Bureau Pranvais des Echauges Internationaux, Paris.
Germany: Dr. Felix Fliigel, No. 1, Robert Schumann Strasse, Leipzig.
Great Britain and Ireland: vVilliam Wesley & Son, 28 Essex Street, Strand, London.
Greece: United National and University Library, Athens.
Guatemala: Iustituto Nacional de Guatemala, Guatemala.
Guadeloupe: (Same as Prance.)
Haiti: Secretaire d'etat des relations exterieures, Port-au-Prince.
Island: Islands StiptisbokasMn, Reykjavik.
Ita.l y: Bibliotheca Nazionale Vittorio Emanuele, Rome.
Japan: Minister of :Foreign Affairs, Tokio.
Java: (Same as Holland.)
Liberia: Liberia College, Monrovia.
Madeira: Director-General, Army Medical Department, London, England.
Malta: (Same as Madeira.)
Mauritius: Royal Society of Arts and Seiences, Port Louis.
Mozambique: Soeiedadde Geograffa, Mozambique.
Mexico: Packages sent by mail.
New Caledonia: Gordon & Gotch, London, England.
Newfoundland: Postmaster-General, St. Johns.
New South Wales: Government Board for International Exchanges.
Netherlands: Bureau Scientifique Central Neerlandais, Den Helder.
New Zealand: Colonial Museum, Wellington.
Norway: Kongelige Norske Frederika Universitet, Christiania.
Paraguay: Government, Asuncion.
Peru: Biblioteca Nacional, Lima.
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Philippine Islands: Royal Economical Society, Manila.
Polynesia: Department of Foreign Affairs, Honolulu.
Portugal: Biblioteca Nacional, Lisbon.
Queensland: Government Meteorological Observatory, Brisuane.
Roumania: (Same as Germany.)
Russia: Commission Russe des Echanges Internationaux, Bil.Jliotheque Imperiale
Publique, St. Petersburg.
St. Helena: Director-General, Army Medical Department, London, England.
San Salvador: Museo Nacional, San Salvador.
Servia: (Same as Germany.)
South Australia: General Post-Office, Adelaide.
Spain: R. Academia de Ciencias, Madrid.
Sweden: Kongliga Svenska Vetenskaps Akademien, Stockholm.
Switzerland: Eidgenossensche Central Bibliothek, Bern.
Tasmania: Royal Society of Tasmania, Hobarton.
Turkey: Bibliotheque Generale Ottomane, Constantinople.
Uruguay: Oficina de Deposito, Reparto y Canje Internacional, Montevideo.
Venezuela: University Library, Caracas.
Victoria: Public Library, Museum, and National Gallery, Melbourne.
The system of recording the correspondence of the Bureau adopted on January 1,
1890, has continued to give satisfaction. A further improvement in keeping the
record of packages received has been effected by adopting as a substitute for the
blotter and day book heretofore in use a record upon separate sheets of paper, which are
subsequently bound up as a clay book and upon which a record is made of all packages
received. The packages to or from each institution or individual are then entered
from these sheets upon the ledger cards. The system has the advantages that several
persons can work upon the sheet at the same time, and that no copying of the record is required, introducing errors and requiring much time. This form of day-book
sheet was adoptecl on January 1, 1891. A further duplication of record books is
avoided by having the authorized officer of the Smithsonian Institution, National
Museum, Bureau of Ethnology, U.S. Geological Survey, and the U.S. Fish Commission acknowledge the receipt of packages addressed to their offices directly upon
these sheets.
A new edition of the list of foreign correspondents of the Bureau is urgently needed
to facilitate current work. The Jist now in use was printed in 1885, since which
time the list has doubled in number.

EXHIBIT

A.

TRANSMISSION OF EXCHANGES TO I<' OREIGN COUNTRIES.

Argentine Republic: October 2, November 6, 1890; January 19, April 17, June 22,
1891.
Austria-Hungary: Included in transmissions to Germany.
Belgium: July 17, September 5, Octolwr 1, November 3, December 5, 19, 1890 ;
January 15, February 18, March 9, May 15, June 20, 22, 1891.
Bolivia: September 10, 1890; June 22, 1891.
Brazil: July 14, October 16, November 6, 1890; January 19, April17, June 22, 1891.
British Colonies: Included in transmissions to England.
China: November 7, 1890; June 24-, 1891.
Chile: November 6, 1890; January 19, June 22, 1891.
Colombia, United States of: September 10, November 6, 1890; June 22, 1891.
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Costa Rica: March 28, June 26, 1891.
Cuba: June 26, 1891 (also by mail).
Denmark: August 16, November 3, December 9, 1890; January 15, March 6, June 6,
23, 1891.
Dutch Guiana: June 22, 1891.
East India: Includell in transmissions to England.
Ecuador: September 10, 1890; June 22, 1891.
Egypt: September 10, 1890; June 26,1891.
France: July 17, August 8, September 4, 20, October 141 31, Nove:!llber 19, 24, December 5, 19, 27, 1890; January 13, February 6, 18, March 6, 24, April 8, 21, May 4, 22,
.Tune 3, 13, 20, 24, 30, 1891.
Germany: July 17, 28, August 28, September 23, October 7, 23, November 5, 11, 20,
28, December 5, 19, 23, 1890; January 10, 22, February 3, 5, 14, March 6, 23,
April 8, 22, May 2, 19, June 3, 10, 20, 23, 30, 1891.
Great Brita,in and Ireland: July 17, 25, September 2, 13, 24, October 6, 13, 29, November 8, 17, 21, December 2, 8, 19, 29, 1890; Jan nary 10, 24, February 10, 24, March
3, 18, April2, 25, Ma,y 6, 21, June 4, 12, 20, 24, 1891.
Greece: April19, June 26, 1891.
Guatemala: June 26, 1891.
Italy: July 17, Augnst 25, September 11, 29, October 31, November 24, December 9,
19, 1890; January 8, 19, February 12, 24, April 7, 28, June 5, 20, 23, 1891.
Japan: August 6, September 30, November 7, December 9, 1890; January 8, March9,
May 10, J nne 24, 1891.
Liberia: June 26, 1891.
New South Wales: August 6, November 81 December 8, 1890; March 9, May 8, June
24, 1891.
Netherlands: July 17, September 6, November 4, December 19, 1890; January 14,
February 14, March 3, May 29, June 20, 24, 1891.
New Zealand: August 6, September 13, October 13, November 8, December 8, 1890;
January 8, March 9, May 8, June 24, 1891.
Nicaragua: Juno 26, 1891.
Norway: July 17, September 11, 1890; March 2, .Juno 1, 24, 1891.
Peru: September 10, November 6, 1890; June 22, 1891.
Polynesia: June 24, 1891.
Portugal: July 17, September 11, 1890; Jan nary 13, March 5, Juno 8, 24, 1891.
Queensland: August 6, September 13, November 8, December 8, 1890; March 9, May
8, June 24, 1891.
Roumania: Included in transmissions to Germany.
Russia: ' July 17, September6, October 31, November 11, December 19, 1890; January
8, February 6, 14, 28, April14, 30, May 28, June 20, 24, 1891.
Servia: Included in transmissions to Germany.
San Salvador: June 24, 1891.
South Australia: August 6, November 81 1890; March 9, June 24, 1891.
Spain: September 8, December 9, 1890; January 13, February 26, June 24, 1891.
Sweden: July 17, September 8, October 30, November 5, 1890; February 27, Aprilll,
May 16, June 24,, 1891.
Switzerland: July 17, September 10, November 4, December 9, 19, 1890; January 19,
22, February 14, March 7, April13, June 1, 24, 1891.
Tasmania: September 13, December 8, 1890; March 9, June 24, 1891.
Turkey: April10, June 26, 1891.
Uruguay: November 6, 1890; June 22, 1891.
Venezuela: September 10, November6, 1890; June 22, 1891.
Victoria: August 6, October 31, November 8, December 8, 1890; March 9, MayS, June
24, 1891.
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In addition Lo the above, shipments of United States Congressional publications
were made on Oetober 11, 1890, January 8, May 15, 1891, to the governments of the
following-nametl countries:
Argentine Republic.
Great Britain.
Prussia.
Austria.
Greece.
Queensland.
Baden.
Haiti.
l{ussia.
Ba\aria.
Hungary.
Saxony.
Belgium.
India.
South Australia.
Buenos Ayres.
Italy.
Spain.
Brazil.
Japan.
Swetlen.
Canada (Ottawa).
Mexico. *
Switzerlaml
Canada (Toronto).
Netherlands.
Tasmania.
Chile.
New South Wales.
'l'urkey.
Colombia, United States of.
New Zealand.
Venezuela.
Norway.
Denmark.
Victoria.
Peru.
France.
\Vurtemberg.
Portugal.
Germany.
The distribntion to foreign countries was made in 962 cases, representing 393 transmissioils, as follows:
Argentine Republic ............... .
8 Japan ............................. . 11
Austria t ......................... ..
3 Liberia ........................... .
1
Baden t ........................... .
3 Mexico ~ .......................... .
3
Bavaria t ......................... .
3 New South Wales ................ ..
9
Belgium ........................... 15 Netherlands ...................... .. 13
Bolivia . . . . . . . . . . . . . . . . . . . . . . . . . . . .
2 New Zealand ...................... . 12
Buenos Ayres . . . . . . . . . . . . . . . . . . . . . .
3 Nicaragua ........................ .
1
BraziL.............................
9 Norway ........................... .
8
British Colonies :j:. .. .. .. .. .. .. .. .. ..
Peru ............................. ..
6
Canada § . . . . . . . . . . . . . . . . . . . . . . . . . . .
6 Polynesia ......................... .
1
China...... . . . . . . . . . . . . . . . . . . . . . . . .
2 Portugal .......................... .
9
Chile .................... _. . . . . . . . .
6 Prussia t .......................... .
3
Colombia (United States of) .......
6 Queensland ...................... .. 10
Costa Rica . . . . . . . . . . . . . . . . . . . . . . . . .
2 Roumania t ....................... .
Cuba~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Russia .. _......................... . 18
Denmark..........................
Saxonyt .......................... .
3
Dutch Guiana.... . . . . . . . . . . . . . . . . . .
1 Servia t ........................... .
East Indies . . . . . . . . . . . . . . . . . . . . . . . .
3 San Salvador ...................... .
1
Ecuador . . . . . . . . . . . . . . . . . . . . . . . . . . .
2 South Australia ................... .
7
Egypt . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
2 Spain ............................. .
8
France.... . . . . . . . . . . . . . . . . . . . . . . . . . 28 Sweden ........................... . 11
Germany.... . . . . . . . . . . . . . . . . . . . . . . . 32 Switzerland ....................... . 15
Great Britain...................... 32 Tasmania ........................ ..
7
Greece . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
5 Turkey ........................... .
5
Guatemala.........................
1 Uruguay .......................... .
2
Haiti . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
3 Venezuela ........................ .
5
Hungary t . . . . . . . . . . . . . . . . . . . . . . . . .
3 Victoria .......................... . 10
Italy............................... 20 Wurtemberg t ..................... .
3
Very respectfully, your obedient servant,
Mr. S. P. LANGLEY,
Sec1·etary Smithsonictn Institution.

vV. C. WINLOCK,
Curato1' of Exchanges.

*Transmissions to Mexico have been suspended temporarily.
t Miscellaneous exchanges included in transmissions to German"
+Miscellaneous exchanges included in transmissions to Great Britain
~In addition to a large number sent by mall.

APPENDIX

III.

REPORT OJ<, THE ACTING MANAGER OF THE NATIONAL ZOOLOGICAL
PARK.
SIR: I have the honor to submit tho following report of the operations of the
National Zoological Park for the fiscal year ending Juno 30, 1891.
At the opening of the year the land for the park was not yet all acquired. Steps
were taken to expedite the final acquisition as much as possible, yet it was not until
November 4, 1890, that possession was :finally obtained of the entiTe tract.
In tho mean time armngements were made to repair the old Holt mansion, situated
upon the loft bank of the creek, in such a manner as to fit it for occupation as an
office for the pa.rk. The old building was found to require much more extensive repairs than were anticipated. It is a long, low structure, built mther for coolness
aml country retirement than for purposes of business activity; an(l the walls, although thick, were founll to be cracked and crumbling, and the foundations to be
highly insecure. Before anything else could be clone several of the walls had to be
replaced and new foundations laid. This consumed the greater part of the appropriation and it was only possible to finish two rooms to be occupied as an office. A
small barn with stable was built near the house for the accommodation of the horses
required for the park service.
An inclosme of the park being found imperatively necessary, a design for a fence
was made by Mr. W . R. Emerson and this was erected as fast as the land was finally
acquired by the United States. It is of stout, unpainted, oak palings, intended not
so much to regula,te the movements of the public as to keep out dogs and animals
injurious to the creatures in the inclosure.
As a preliminary to the laying out of roacls and selecting sites for buildings, Mr. D.
J. Howell was employed to make an accurate topographical survey of the park. The
topographical work of the Coast Survey was used as a basis for this, the contours
being carefully correctecl and the highest levels reached by the water in Rock Creek
being noted wherever it was possible to ascertain them.
For reasons of economy it was thought best to lay out for the present but a single
road, which should cross Rock Creek on a continuation of the so-called Quarry road,
which lies mainly outside the gates. This main road within the park was staked out
to a width of 30 feet, and has been carefully graded and macadamized for a distance
of some 3,000 feet from the entrance. Beyond this a road, formerly a cart track,
leads through the park to the western boundary, and has been somewhat improved
for its entire length to afford some partial access for carriages in this direction.
The "creek," so called( which it will be remembered is really a q nick-running stream),
is ordinarily fordable at a point near that where the road crosses, but this ford is impassable in times of flood, and extraordinary precautions had to be taken to secure a
crossing above high-water mark, the narrowness of the stream and the precipitous
character of the surrounding hills which it drains making it necessary to provide
for a rise of at least 15 feet. Thus a "fill'' of considerable extent was required on
both approaches to the bridge, a comlition th~Lt greatly increased the expens0 and
labor of making the road.
Measures were at once taken to erect a bridge suitable for foot passengers and
carriages. Several plans for such a structure were submitted, examined and rejected,
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m::linly because of the great cost which their execution would entail. A plan prepared by Mr. D. J. Howell was finally selected as being effective for the purpose
required at a minimum of expense. It is a combined iron and wooden structure, 128
feet in length, resting upon two granite piers and two abutments. The plans were
carefully examined, and criticisecl by skilled experts, and were believed by competent engineers to he sufficient to withstand any flood likely to occur. At the close
of the fiscal year the piers and abutments had been completed, hut the superstructure was not yet in place.
The quarry near the entrance to the park seemed admirably fitted for the construction of dens and yards for bears. In order to ascertain its condition, it was cleared
of a great quantity of loose earth and rock which had fallen from the cliffs above.
The quarry face was found to he in most places sufficiently steep to prevent the bears
from climbing H, and where this was not the case the necessary steepness was obtained by blasting. To afforcl shelter for the hears spacious dens in which shelves
were fashioned were hollowed out from the face of the rock, and in front of these
there was built a strong iron fence 10 feet in height inclosing yards of considerable
extent. The upper ends of the vertical bars of the fence were pointed and turned
inward to prevent the escape of the hears, the floor of the yards was smoothly
cemented, and a large basin,snpplied with running water, builtin each. Work upon
these yards has been frequently interrupted by the falling from the slopes of large
quantities of earth awl rock. To obviate this Mr. Olmsted, the landscape gardener,
has advised that a retaining wall be built at the top of the cliffs. But, as elsewhere statet1, the park boundary runs at the upper edge of these cliffs and only a
partial control of the difficulties can be obtained unless the park property is extended here some yards further hack. The system of yards as projected includes
three principal inclosures and a smaller one to be used as a, shifting pen. At an early
day this system will have to be enlarged, as the park has now four species of hears
and one subspecies.
The brow of the first hill overlooking the bridge was selected as a site for a house
for animals requiring heat. The design for this house, furnished by Mr. Emerson,
was somewhat modified to suit the exigencies of the appropriation available, it being
found impracticable to erect more than a portion of the structure. The house is of
stone, a handsome gneiss, quarried upon Broad Branch some 2t miles from. the park.
Its plan shows a long corridor upon one side of which are arranged the cages for
large animals. Exterior yards and an extension for the accommodation of smaller
animals will he added if funds are appropriated for that purpose. At present the
house is much overcrowded and the animals are not suitably accommodated.
Accommodations for the small herd of bison were early considered. It seemed
desirable to place these animals where they could have considerable range. When
confined even in large yards they cut up the ground so much that they soon destroy
every vestige of grass or other green thing. Still, if the inclosures are too large the
animals keep so far away as not- to be seen at all by the public. A site was selected
in a protected locality on a hillside where small paddocks could he made along the
main roa(1 and larger yards for grazing grounds could be carried from these down into
the rich bottomland along Rock Creek, where a hundance of grass is na tnrally produced.
Here there was constructed a barn for the buffalo, which is a novel and picturesque
structure of black-oak logs admirably harmonizing with the location. The appropriation was so limited that it was found necessary to place the elk also in this barn,
and paddocks for them were accor<lingly built adjoining it. Inexpensive but strong
fences for these pa<ldocks were made of iron rods running horizontally through
roup;h cedar posts and coupled together at the ends. Some fl.ifficulty has been found
with the elk fence which has not stood the continuous battering given it by the
males during the rutting season as well as was expected. The original plan of extending the paddocks to the bot,tom land of the creek will shortly be carried out.
Paddocks for the deer and antelope haYc bee~ const:ucted on the ~eft bank of th~

fr, Mis. 334, :pt. 1--~
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oreek along the eastern boundu,ry of the park. This situation is admirably u,dapted
uy nature for the animals, but has the disadvantage of exposing them to the sight
of dogs both on the outside of the park and within it. Three animals have been so
frightened as to lose their lives from this cause, and it will be necessary to make the
fence so tight as to entirely prevent the sight of dogs and probably it will be advisable to exclude them from this part of the park altogether.
The unexpected gift of an Asiatic elephant by Mr. James E. Cooper made itneccssary to hastily prepare a bu,rn. This is a temporary structure, but will be so fitted
as to serve for shelter during the winter. It was prepared for but one animal, but
by Mr. Cooper's generosity a second elephant was lent to the park, and the two
have been made comfortable within it. The situation of this barn is not wholly satisfactory. At the time it was built it was thought desirable to place it at a considerable distance from the boundaries of the park in view of the possibility of the animals becoming unmanageable. These apprehensions were fortunately not wellfounded, and it would be much more convenient to have the elephants nearer the
stream so that they could frequently have immediate access to the water. If funds
for the erectwn of a permanent elephu,nt house should become available this matter
will no doubt be considered, The expense of the maintenance of the elephants is very
great, and it should be remembered that the estimate for the last year's expenditure
was made without the knowledge that it would be necessary to meet so heavy an
item as the cost of erecting a special building and providing keepers and provisions
for these two animals.
As a colony of prairie dogs had been for some time a feature of the collection, it
became necessary to provide suitable accommodations for them. Although a broad
open meadow would best resemble their natural habitat it was thought best to
place them in a little thicket of trees to the west of the main drive. Here there was
built an inclosing wall 3-JI- feet higb, and from tbe footing of this, galvanized iron
mesh-work was placed in a trench 8 feet deep. This has been found sufficient to
completely confine them. It is believed that this iron net will not corrode when
buried so deeply in the ground. If this proves successful for a series of years it
will be a great advantage, as it has usually been thought in Zoological Gardens
necessary to excavate completely the inclosures for burrowing animals and to cement the b.ottom. This is very expensive, and the result is that but few colonies of
burrowing animals are seen. It is hoped to add several colonies of this nature, including some of the most characteristic American rodents.
A list of the accessions to the park during the year is given herewith. (Exhibit
A.) Many of them could not be accommodated in the houses already erected ancl
ht1Ne been assigned to quarters more or less temporary or to small cages scattered
along the main road. Many more animals could have been procured had it been
possible to suitably accommodate them. The most important accession is the Asiatic
elephant "Dunk," which was presented to the park on April 30, 1891, by Mr.
James E. Cooper, the proprietor of the Adam Forepaugh shows. The elephant is
a fine animal, about 25 years of age, very docile and tractable, and a very valuable
addition to the collection. Mr. Cooper not only gave this elephant, but in order
to insure success in keeping him loaned another, "Golddust, " to serves a a companion, it being well known that solitary elephants suffer greatly from loneliness.
When commissioners were sent to South America to collect material for theW oriel's
Columbian Exposition of 1893 it was thoughtfully suggested by Mr. W. E. Curtis,
chief of the Latin-American Bmeau of the State Department, that they might be
also willing to collect animals for the park. Authority was therefore given them to
incur expenditures not to exceed $300 for each person, and several accessions have
been made by this means. The experiment has not, however, proved as satisfactory
as could be wished, as the animals sent are usually badly cared for on shipboard.
Several animals have been born in the park during the year, the most IJoteworthy
being a young female bison. It is believed that these animals will breed freely in
confinement and that by this means the species may be kept indefinitely perpetuated.
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The mortality during the year has been considerable. A great proportion of the
animals that have died have succumbed immediately after arrival, either being in
bad condition from injury or otherwise, when shipped, or being too delicate to stand
transportation. Those who send specimens to the park should always take care to
keep the animals in confinement for some time before shipping and should ask for
directions as to the proper method of boxing. Many animals are killecl by being
sent in an improper manner and by being either starved or provided with improper
food. The animals received from South America have been very frequently moribund when received. This is partly clue to the customs regulations at New York City,
which cause considerable delay in the reshipment of animals to this city.
The beautiful specimen of the big horn sheep (Ovis montana) succumbed to an attack of apoplexy, while the animals were still confined in the contracted yards in
the rear of the Smithsonian Institution. A post-mortem examination showed the
animal to be in an excellent physical condition, and it is beliPvcd that lack of
exercise was the principal cause of the uisorder that terminated its existence. As
far as can be ,judged from this case there appears to be no r<>ason whatever why this
sheep, so mre in zoological collections, should not thrive in captivity if a suitable
range of rocks and cliffs such as is found in the National Zoological Park is given
to it.
The close of the year finds the work of the park progressin-g steadily and as rapidly as the funds appropriated by Congress will admit. The interest of the public
is fouml to be very great, much more in fact than had been anticipated. There can
be no doubt that in the course of a few years the park will become one of the chief
attractions of a city already famous for its sights, offering as it does a combination
entirely unique, exquisitely beautiful natural scenery with the charming aspects of
varied animal life.
It has already been noticed that the one roadway is too narrow for the accommodaion of the large number of carriages that frequent the park on Sundays, the throngs
between the hours of 3 and 5 p. m. being so great as to endanger visitors, and it it
earnestly desired to extenu the system of roads in accordance with a plan already
laid out. The bridge, from necessary economy, was restrieted to a width just sufficient to allow carriages to pass, no footway being provided. In view of the throng
already referrecl to, this offers another source of cbnger, and it is contemplated lmiluing footways on l)l'Ojecting brackets along either side of the bridge should funds l1o
appropriateu for the purpose. Either this or a bridge for foot passengers aloll<' will
be absolutely essential.
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EXHIBIT

A.

List of accessions.
Specimens.

Name.
Black-faced Coaita (Ateles ater) ......... .
Puma (Felis concolor) ____ .............. ..
Ocelot (Felis pardalis) _.................. .
Wildcat (Lynx rufus) ................... .
Black Wolf (Canis occidentalis va1·.) .... .
Coyote: Prairie Wolf (Canis latmns) ... .
RedFox (Vulpesfulvus) ................ .
Mink (Putoriusvison) ..... __ ............ .
Black-footed Ferret (Puto_rius nigripes) _.
Bridled Weasel (Putorius frenattts) ..... .
Cacomistle: American Civet Cat (BassaJ·is astuta) .................... . ..... .
American Badger (Taxidea americana) . _
Raccoon (Procyon lotor) . _............ __ . _
Harbor Seal (Phoca vitulina) . ....... . ... .
Asiatic Elephant (Elephas indictts} ..... .
Peccary (Dicotyles taja~u) ...... . ........ .
Virginia Deer ( Cariacus vi1·ginianus ) ... .
South American Red Deer ( Coassus rufus)
European Hedgehog (Erinacetts euro- 1
pceus ) ... . . _____ .. _.. _____ _____ . ___ .... .
Red Squirrel (Sciurus hudsonitts) . . ..... .
Gray Squirrel (Scittrtts carolinensis) _... .
Flying Squirrel (Scittropterus volucella) . _
Chipmunk (.T amias striatus) ............ .
Prairie Dog ( Cynornys htdovicianus) .... .
Woodchuck (.A 1·ctornys monax) .......... .
Muskrat (Fiber zibethicns) ....... _.. __ .. .
Beaver (Castor fiber) . .... . .............. .
Canada Porcupine (Erethizon dorsatus). __
Crested Porcupine (Hystrix cristata) _.. .
English Rabbit (Leptts wnicttlus) __ ..... .
White Rabbit (Lepus cuniculus) ..... ___ .
Angora Rabbit (Leptts wniculus) _...... .
Gray Rabbit (Lepus sylvatiws) ______ ... _.
White-tailed Jack Rabbit (Lepus carnpest?·is) ....... . ......... . .. . ... . ....... .
Black-tailed Jack-rabbit (Lepus callotis) ..
4gouti (Dasyp1•octa agqttti) ... , , ........ .
Guinea Pig (Cctvia aperea) ... , . . __ , . , . . ,,

Vory

Name.

I

Specimens.

Small Anteater (1'amandua tetmdactyla).
Small Armadillo (Tatusia novemcincta) ..
Opossum (Didelphys virginian_g.) __ ...... .
Pied-billed Grebe (Podilymbus podiceps) .
Night Heron (Nycticorax nycticorax
nceviut>) . . ... . ......... -. ...... -... ----Cariama ( Cariama c1·istata) . ........... ..
1 , Woodcock (Philohela minor) . .... . ... . .. .
8 Quail: Bob White (Colinus virginian us) _
1 Scaled Partridge ( Callipepla squamata) . . .
Leghorn Chicken ( Galltts bankiva) . .... ..
Pea Fowl (Pavo cristata) . . ..... .... . . _.. .
6 Marsh Hawk (Circus httdsonitts) _. . .. . .. .
Red-shouldered Hawk (Buteo lineattts) ..
Bald Eagle (Halia!ettts leucocephalus) .... .
2 Sparrow Hawk (Falco sparverius) .......
6 Barn Owl (Strix pratincola) ............. .
3 Long-eared Owl (Asio wilsonian us) . .... .
1 1 Short-eared Owl (Asio accipitn:nus) . . ... .
Acadian Owl (Nyctala acadica) . ....... . . .
Screech Owl (Megascops asio) ___ ......... .
Great Horned Owl (Bubo vi1·gi1tianus) ___
Horned Lark ( Otocoris alpestris) _....... .
Crow (Corvus americanus) ......... _. _...
Alligator (Alligator mississippiensis) _... . 1
74
Green Iguana (Iguana Sp.1 ). __ .. _ ..... .
4
Chuck-molly (Sauromalus ater) . . .... _. _.
4
Horned Toad (PhTynosoma douglassi). _.
1 Gila Monster (Heloderma suspectum) _. __
Glass Snake ( Opheosaurus ventralis)_ . .. _
Galapagos Tortoise (Testudo ephippiurn) _
Ground Rattlesnake ( Caudisona 1niliaria).
\Vater Moccasin (Ancistroclon piscivorus) _
Copperhead (Anci~troclon contO?'tTix). _...
Hog-nosed.A.dder (Heterodon platyrhinus)
I Black Snake (Bascanion constricto1·) . __ .. .
Bull Snake (Pityophis sayi) ............. .
Green Snake ( Oyclophis vernalis)_ ....... .
King Snake ( Ophibolus getulus) ......... .
Milk Snake {Ophibolus doliatus) ___ ...... .
il
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IV.

REPORT OF THE LIBRARIAN FOR THE YEAR ENDING JUNE 30, 1891.
SIR: I have the honor respectfully to submit my report on the work of the library
during the year from July 1, 1890, to June 30, 1891.
The work of recording and caring for the accessions has been carried on as during
the preceding year, the entry numbers on the accession book running from 207,176
to 225,585.
The following condensed statement shows the character and number of these :1Ccessions:
Publications ?'eceived between J1tly 1, 1890, and June 30, 1891.
Octavo or
smaller.

Quarto
or larger.

Total.

Volumes ............................................................ .
1, 844
837
Parts of volumes .................................................... .
9, 439
11,086
Pamphlets ........................................... . .... .. ........ .
3, 130
639
Charts ......................................................... . ............................ .

2, 681
20,525

Total......................... . ....... ...... .................... . . . . . . . ... . . . . . . . . . . . . . .

27,294

3, 769
319

Of these publications, 7, 720 (namely, 424 volumes, 6,413 parts of volumes, aml
883 pamphlets) were retainetl for use in the National Museum, and 754 medical dissertations were deposited in the library of the Surgeon-General, U. S. Army. The
remainder were promptly sent to the Library of Congress on the Monday following
their receipt.
In carrying out the Secretary's plan of increasing the library by exchanges, 1,327
letters asking for new exchanges, or calling attention to deficiencies in series already
in the library, were written; and in response 475 new exchanges were acquired
by the Institution, and 248 defective series were completed, either wholly or as far
as the publishers were able to supply the missing parts. The value of this undertaking is well shown by the large increase of the actual accessions in comparison
with those of the last fiscal year. In 1889-'90 the total number of accessions was
20,187; in 1890-'91 it was 27,294, showing a gain of 7,107 over 1889-'90.
The following publications have been added to the list of regular serials:
A. A. Bulletin.
Aarbog, Norske Geografiske Selskab.
Aarbog, Norske Geologiske Unclers¢1gelse.
Aarsberetning, Danske Sl¢1jdforening.
Abhandlungen des Botanisehen Vereins
der Provinz Brandenburg.
Abhandlungen zur Geogra.phischen Specialkarte von Elsass-Lothringen.
Abhandlungen der Roniglichen Meteorologischen Gesellschaft, Preussen.
Abhandlungen des Koniglichen Prenssischen Meteorologischeu Instituts.
Academy, Boston.

Actes de la Societe Sinico-J aponaise,
Paris.
Adams' Magazine.
African.
Agricultural Gazette, Sydney, N. S. W.
Agricultural Record, Trinidad.
Album der Natuur.
Allgemeine Lutherische Kirchenzeitnng.
Alpine Journal [Alpine Club, London].
American Apiculturist.
American Catholic Quarterly Review.
American Journal of Education.
Am Urquell.
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Analostan Magazine.
Analyst.
Ancre de Saint-Dizier.
Annales Agronomiques.
Annales de l'Ecole des Sciences Politiques.
Annales de la Societe Agronomiquc,
Nancy.
Annales de l'Observatoire de Nice.
Annales du Conservatoire del' Art, Paris.
Annales de la Propagatwn de la Foi.
Annales des Sciences Geologiques.
Annali del Reale Istituto Tecnico, Deline.
Annals of the American Academy of Political and Social Science.
Annee Scientifique et Industrielle.
Annuaire de l'Economie Politique.
Annuaire de la Societe cl'Emulation de la
Vendee.
Annuaire de l' Association pour !'Encouragement des Etudes Grecques.
Annuaire Statistique de la Boheme.
Annuario della R. Universita, Torino.
Annuario della Universita di Modena.
Annual, Geologists' Association, London.
Annual Report of the Forestry Division,
Department of Agriculture.
Annual Report of the Manchester Steam
Users' Association.
Antiquary.
Anzeiger ftir Berg-, Rutten- und Maschinenwesen.
Arbeiten aus dem Zoologisch-Zootomischen Institut, Graz.
Archreologi ca Scotica.
Architecture, L', et la Construction dans
le Nord, Lille.
Archiv f'tir Christliche Kunst.
Archiv ftir Mathematik.
Archives Botaniques du Nord delaFrance.
Archives de Physiologie Normale et Pathologique.
Archivio de la Societa Romana eli Storia
Patria.
Archivio eli Litteratura Biblia eel Orientale.
Army and Navy Gazette.
Art (L') dans les Deux Mondes.
Artesano, El.
Atti della Accademia Pontaniana.
Atti del Museo Civico eli Storia Naturale
eli Trieste. ·
Atti della Societa Italiana di Scienze
Naturali.
Atti e Memorie della Deputazione eli
Storia Patria, Bologna.
Aufzeichnungen des Architecten- und
Ingenieur-Vereins fUr Niederrhein und
Westphalen.
Aus Allen Welttheilen.
Australian Ironmonger.
Beitrage zur Kunde Ehst-, Liv-, und Kurlands.
Bergmannsfreund.
Berichte des Markischen Forstvereim.
Berichte der Schweizerischen Botanischen Gesellschaft.
Berliner Missionsberichte.
Biblia.
Bibliographie de la Suisse.

Billliotheque des Travaux Historiqnes et
Archeologiques.
Boletin de la Comision del Mapa Geologico de Espana.
Bole tin del Instituto Ge ografico Argen
tino.
Boletindel Instituto Libre de Enselianza,
Madrid.
Boletin del Observatorio Astronomico
Nacional de Tacubaya.
Bollettino del Museo Patrio eli Archeologia, Milano.
.
Bollettino della R. Accademia Medica eli
Genova.
Bollettino della Societa eli N aturalisti di
Napoli.
Bollettino Statistico Mensile, Municipio
eli Milano.
Dollettino Officiale tlel Ministero del
Tesoro, Roma.
Boston Budget.
Botaniste, Le.
Brassey's Naval Annual.
Brick Roadways.
Buffalo Christian Advocate.
Builder, London.
Building Register.
Bulletin of the Agricultural Experiment
Station, Auburn, Ala.
Bulletin of the American Chemical Society.
Bulletin Annuel des Finances des Gramles
Villes.
Bulletin del' Association des Ingenieurs,
Liege.
Bulletin du Comite de !'Afrique Fran~aise.

Bulletin de la Commission Archeologique
et Litteraire de 1' Arrondissement, Narbonne.
Bulletin de la Commission Departementale
des Monuments Historiques, Arras.
Bulletin of the Department of Agriculture (of Queensland).
Bulletin of the North Carolina Experiment Station.
Bulletin of the Ontario Agricultural Experiment Station.
Bulletin de la Societe Academique IncloChinoise.
Bulletin de la Societe Archeologique de
Touraine.
Bulletin de la Societe Centrale d.' Agri, culture, Paris.
Bulletin de la Societe Departementale
d'Horticulture de la Seine.
Bulletin de la Societe d'Emulation d' Abbeville.
Bulletin de la Societe d'Encouragement
pour l'Industrie NationaleJ Paris.
Bulletin de la Societe des Etudes Maritimes et Coloniales.
Bulletin de la Societe d'Etudes des Sciences Nat.urelles, Reims.
Bulletin de la Societe de Geographie de
Lille.
Bulletin de la Societe de Geographie de
Toulouse.
Bulletin de la Societe de Geographie
Commerciale du Havre.
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Bulletin de la Societe Historique et Archeologique de l'Orne.
Bulletion de la Societe de l'Industrie Minerale, Saint-Etienne.
Bulletin de la Societe Languedocienne de
Geographic.
Bulletin Mensuel de la Bibliotheque
Nationale, Paris.
Bulletin Mensuel de la Societe Linneenne
de N ormandie.
Bulletin de la Societe Mathematique,
Paris.
Bulletin de la Societe N euchateloise de
Geographic.
Bulletin de la Societe Royale de Botanique, Bruxelles.
Bulletin de la Societe de Topographic.
Paris.
Bulletin of the South Dakota Agricultural
Experiment Station.
Bulletin ofthe State College, Pennsylvania.
Bulletion of the United States Board on
Geographic Names.
Bulletin of Recent Changes in Aids to
Navigation, U. S. Light-House Board.
Bulletin Mensuel de la Commission Ivieteorologique du Calvados.
Bulletin Meteorologique-Central Physical Observatory, St. Petersburg.
Bulletin Scientifi.que de la France et de la
Belgique.
Bullettino della Societa eli Scienze Naturali eel Economiche, Palermo.
Caermarthenshire Notes and Queries.
Canadian Horticulturist.
Casopis pro pestovani mathematiky a
:fisiky, Prag.
Census Bulletin [Eleventh Census].
Chemiker-Kalencler.
Chemi.sch-technischer Anzeiger.
Chemist and Druggist of Australasia.
China, Glass and Lamps.
Chinese Recorder.
Chinese Scientific Magazine.
Christian Union.
Chronicle of the London Missionary Society.
Churchman.
Church News.
Church Review.
Ciel et Terre.
Cobden Club Publications.
Colliery Guardian.
Colliery Engineer.
Colman's Rural World.
Colorado College Studies.
Communications et Proces-Verbanx de la
Societe Mathematique de Kharkow.
Comptes Rendus Mensuels de la Societe
de l'Industrie minerale.
Comptes Rendus des Seances de la Societe
Archeologique de Bordeaux.
Congregationalist.
Correo de Sotavento.
Costa Rica Ilustrada.
Crop Bulletin, Ithaca, N. Y.
Cultura, La.
Curio Informant"
'Cyclist.
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Dania.
Delphian Record.
Deutsche Bauzeitung.
Deutsche Chemikerzeitung.
Deutsche Gerberzeitung.
Deutsche Heereszeitung.
Deutsche Zeitung fiir die Fr:mzosische
Jugend.
Dingler's Polytechnisches Journal.
/
Dnevnik Antropologitsheskago Otdjela
Imperatorskago Obshtshestva Lubitelei Estestvoznanija, Antropologii i
Etnogra:fii.
Dnevnik Zoologitsheskago Otcljelenijaof the same.
Ecole, L'.
Economiste, L'.
:mduca~eur, L'.
Education, L'.
Educational Journal.
Educationa,l Record.
Educational Times.
Electricien, L'.
Electrotechniker.
Ellettricita, L'.
Engineering.
Engineering Magazine.
Engineering and Mining Journal, New
York.
Entomologiste Genevois.
Export.
Fancier and Farm Herald.
Far and Near.
Farben-Indnstrie.
Farm, Field, and Stockman.
Farm and Implement News.
Farm News.
Fauna.
Financial Reform.
Fish-trades Gazette.
Forstwirthscha.ftliches Cent.ralb1att.
Fotograf. .
France Aer1enne.
Fur Trade Review.
Gaceta Medica Catalana.
GalaJee, Le.
Gas World.
Gazette de Portugal.
Genealogist.
Geogra:fiska Poreningens Ticlskrift, Helsingfors.
Geogra.phie, La.
Geographisches Jahrbuch.
Geologiska Foreningens Forhandlingar,
Stockholm.
Giornale eel Atti della Soci.eta eli Acclimatazione, Palermo.
Giornale della Societa Asiatica Italiana.
Gloucestershire Notes and Queries.
Goldthwaites' Geographical Magazine.
Gornyi Zhurna,l .
Great Salt Laker.
Guido del Maestro Elementare Italiano.
Hans a.
Hat Review.
Honduras Mining Journal.
Hook and Line.
Humming Bird.
Hyde Park [Mass.] Historical Record.
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Illustrated Official Journal [English Patent Office].
Illustrated South.
Immeuble, L', et la Construction dans
l' Est.
Imperial and Asiatic Quarterly.
Indian Engineering.
Industria, La..
Industria e Invenciones.
Industries.
Instructor Venezolano.
Iron.
Iron and Coal Trades Review.
I ronmonger.
Jaarboekje voor de Leden, Koninklijk
Instituut van Ingenieurs.
Jahrbuchder Allgemeinen Geschichtsforschenuen Gesellschaft, Berlin.
Jahrbuch der Koniglich Preussischen
Kunstsammlungen.
Jahrbnch der Preussischen Forst- und
J agdgesetze.
Jahrbuch des Schlcsischen Forstvereins.
Jahrbuch des Sch>Yeizerischen AlpenClub.
Jahrbuch des Ungarischen Karpathenvereins.
Jahresberichte der Akademie flir Handel
und Industrie, Graz.
Ja,hresberichte des Landwirthschaftlichen Vereins, Bonn.
Jahresberichte uer Norddeutschen Seewarte.
Jahresberichte, Realschnle zu ;J?asel.
Jahresberichte ues Stuttgarter Artzlichen
Vereins.
J ahres berichte des Wlirttembergischen
V ereins flir Handelsgeographie.
Jabresberichte i.iber (lie .Fortschritte auf
uem Gebiete der Agricultur-Chemie.
Jewellers' Circular.
Jewish Messenger.
Journal of the American Social Science
• Association.
Journal of the Anthropological Society
of Bombay.
Journal of the Bombay Natural History
Society.
Journal of the British Astronomic2l Association.
Journal of the Manchester Geographical
Society.
Journal of the Royal Asiatic Society
(Straits Branch.)
Journal of the Statistical and Social Inquiry Society of Ireland.
J onrnal of the Tokyo Geographical Soeiety.
Journal des Pflanzenphysiologischen Instituts der Koniglichen Universitat,
Breslau.
J onrnal of Christian Philosophy.
Journal du Ciel.
Jonrnal of Comparative Neurology.
Journal of Education (London).
J onrnal of Electro-Therapeutics.
Journal of Finance.
Lithograpic Art Journal.
Living Church Quarterly.

Livre, Le, d'Or du Salon.
Lloyd's Weekly Newspaper.
Lux.
Machinery and Iron, Steel Trades-ReYiew.
Machinery Market.
Maestl'O Elementare Italiano.
Magisterio Espanol.
Magyar Mernok-es Epitesz-Egylet KozWnvi.
Maine Historical and Genealo.gical Recorder.
Marine Engineer.
Mechanical Progress.
Mechanics.
Meddelande, Finska Forstforeningen.
Mediterranean Naturalist.
Memoires de l' Academie des Sciences,
Clermon t-Ferrand.
Memoires et Bulletin de la Societe d' Archeologie de Touraine.
Memoircs de la Societe des Sciences et
Arts, Vitry-le-Fran~ois.
Memoires de la Societe des Sciences Naturelles et Archeologiques, Gueret.
Memoirs and Proceedings of the Manchester Literary and Philosopical Society.
Memorias de la Comision del Mapa Geol6gico rle Espafla.
Memorial de Artilleria.
Meteorological Observations, Sydney, N.

s.w.

Meteorologisehe Zeitschrift.
Michigan School Moderator.
Miller.
Mining News.
Mittheilungen des Deutschen Wissenschaftlichen Vereins in Mexico.
Mittheilungen des Physiologischen Laboratoriums, Stockholm.
Mittheilungen der Geographischen Gesellschaft, Lubeck.
Mittheilungen der Geologischen Landesanstalt, Strassburg.
Mittbeilungen der Historischen Gesellschaft, Berlin.
Mittheilungen des Instituts flir Oesterreichische Geschichtsforschung.
Mittheilungen des K. K. Technischen
Gewerbe-Museums.
Mittheilungen der Ostschweizerischen
Geographisch- commerciellen Gesellschaft.
Mittheilungen des Techniker-Vereins,
New York.
Mittheilungen des Vereins flir Geschichte
der Stadt Meissen.
Mittheilungen aus dem Gesammten Gebiete der Englischen Sprachc uud Litteratur.
Mittheilnngen n.ns dem Gebiete der Historisch-antiq narischen Forschungen.
Mittheilungeu iiber Gegcnstiinde cles Artillerie- und Genie-Wesens.
Monist.
Moniteur des Produits Chimiques et de
la Drogaerie.
Mouiteur Scientifiqne dn Dr. Quesneville.
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Monthly Review (Iowa ·weather and
Crop Service).
Musical Record.
Musical Times.
Nachrichten tiber Deutsche Alterthumsfnnd·e.
National Geographic Magazine.
Narragansett Historical Register.
Naturalists' Gazette.
Nautical Magazine.
New England Magazine.
New Zealand Journal of Science.
New Zeala,nd Schoolmaster.
Nieuwe Schoolblad.
Nordiske Fortidsminder.
North western Architect.
Notes and Gleanings (Exeter, England).
Notulen, Koninklijk Instituut van Ingenieurs, The Hague.
Nunquam Otiosus.
Nyt Tidsskrift for Mathematik.
Obrero, El.
Observaciones verificadas-Observatory
of Manila.
Occasional Papers of the California A caderny of Seience.
Oesterreichische Touristen-Zeitung.
Oi_ilogist.
Papers of the American Historical Association.
Paper Record.
Periodico della Societa Storica Comense.
Phouetic Journal.
Phonogram.
Photo-American Review.
Photographic News.
Photographisches Archiv.
Pottery Gazette.
Power.
Practical Engineer.
Practical Farmer. .
Prahistorische Blatter.
Praktischer Maschinen-Constructeur.
Printing Times and Lithographer.
Proceedings of the Geologists' Association, London.
Proceedings of the Natural History Society, Tokyo.
Proceedings of the Rochester Academy
of Science.
Proceedings of the South Staffordshire
Institute of Iron and Steel Works Managers.
Proceedings and Transactions of the
Liverpool Biological Society.
Prometheus.
Prosvestni Glasnik.
Publishers' Circular.
Quarterly Journal of Economics.
Quarterly Statement ·of the Palestine Exploration Fund.
Quellen zur Schweizerischen Geschichte.
Raccolta Storica della Societ:1 Storica
Comense.
Railroad Gazette.
Railway Master Mechanic.
Report of the Canadian Patent Office.
Recueil des Tra.vaux de la Societe d' Agriculture, Sciences et Arts tl' A gen.
Reforme Sociale, La.
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Repertorium Annum Literatura.e Botanicm.
Report of the British and Foreign School
Society.
Report of the Illinois State Historical
Library.
Report of the Street Railway Association
of the State of New York.
Re_port of the Ohio Society of Surveyors
aucl Civil Engineers.
l~eport of Proceediugs of the Manchester
Steam Users' Association.
Repertoire des Tra.vaux de la, Societe de
Statistique de Marseilles.
Revista Argentina de Historia Natural.
Revista General de la Marina.
Revista de Geografia Comercial.
Revista Minera.
Revista de Obras Publicas e Minas.
Revista Tecnologico Industrial.
Revista Trimensal do Instituto Historico
do Rio de Janeiro.
Revue Beige Milit.aire.
Revue du Cercle Milita.ire, Paris.
Revue Chretienne.
Revue des Etudes Grecq ues.
Revue Geologique Suisse.
Revue Historique.
Revue Interuationale de B~bliographie.
Revue InternationaJe de l'Electricite.
Revue Numismatiquc.
Revue Scientifique clu Bourbonnais.
Hevue Th6ologique.
Rivista Italiana di Scicnze Natmali.
Hivista Marittima.
Hi vista eli Ostetricia e Ginecologia.
Russkij N atshalniy Utshetel.
Sanitary Journal.
Sanitary Record.
Schleswig-Holsteinsche Sch ulzeitung.
School Guardian.
School Journal.
Schoolmaster.
Schriften des Naturwissenschaftlichen
Vereins des Harzes.
Schweizerisches Archiv fi:ir Thierheilkunde.
Schweizerische Zeitschrift fiiT d~s Forst·wesen.
Scottish Naturalist.
Semaine, La, des Constructeurs.
Sfinge, La.
Sitzungsberichte der Historischen Gesellschaft, Berlin.
Sitzungsberichte der Natnrforschcnclcu
Gesellschaft, Leipzig.
Soobshtshcija Kharkofskago Matematitsheska,g o Obshtshcstva.
Statesman's Yearbook.
Street Railway Journal.
Stndi Senesi.
Sugar Cane.
Teacher.
Technisch-chemisches Jahrbuch.
Technische Mittheilungeu fiir Malerei.
Theologisch Tijclschrift.
Theologisches Littera.turblatt.
Theologisk Ti<lsskrift.
Tidskrift for Folkundervisningen.
Tidsskrift for Physik og Chemi.
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Transactions of the Astronomical and
Physical Society of Toronto.
Transactions of the Maine State Pornological Society.
Transactions of the Mining Institute of
Scotland.
Transactions of the Perthshire Society of
Nat ural Science.
Treasury.
Utshenyja Zapiskii-Imperial University, Kazan.
Uhland's Technische Rundschau.
U nl ted Service.
Unsere Zeit.
Verbatim Report-American Street Railway Association.
Yerdandi.
Yerhandlungen des Deutschen Wissenschaftlichen V ereins zu Santiago.
V eroffentlichungen der Grossherzoglichen Sternwarte zu Karlsruhe.
Versammlungen des Architekten- und
Ingenieurvereins flir Niederrhein und
Westphalen.
Viertelj ahresschrift iiber die Fortschritte
auf dem Gebiete der Chemie der Nahrungs- nnd Genussmittel.
Viertelj ahresschrift flir V olkswirthschaft,
Politik und Kulturgeschichte.
Vital Record of Rhode Island.
Vjestnik Obshtshestvennoj Gigieny, Sude lmoj i Praktitsheskoj Medi tsiny.
Vjestnik Sadovodstva, Plodovodstva i
0 gorodni tshestva.

Volkskunde.
Vor Ungdom.
Watchmaker, Jeweller, and Silversmith.
Weather Crop Bulletin, Iowa.
Western Antiquary.
Wheelman's Gazette.
Wisconsin Journal of Education.
·wisconsin Naturalist.
Witterungsbeobachtungen-K. PorstAkademie, Eberswalde.
vVood and Iron.
Wyoming State Journal.
Zapiski po Gidrografi.
Zee, De.
Zeitschrift d'es Bayerishen Kunst- und
Gewer be-V ereins.
Zeitschrift des Harz-Vereins fiir Geschichte und Alterthumskunde.
Zeitsehrift des Mlinchener Alterthumsvereins.
Zeitschrift des Vereins fiir Volkskunde,
Berlin.
Zeitschrift fiir Bauwesen.
Zeitschrift fiir Electrotechnik.
Zeitschrift fiir :Forst- und Jagdwesen.
Zeitschrift fiir Forstwesen.
Zeitschrift flir Instrumentenknnde.
Zeitschrift fUr Oesterreichische Gymnasien.
Zeitschrift flir Spiritus-Industrie.
Zeitschrift flir Vermessungs wesen.
Zeitschrift fiir Xylographen.

The following universities have sent complete sets of all their academic publications, including the inaugural dissertations delivered by the students on gTadnation:
Basel, Bern, Bonn, Breslau, Dorpat, Erlangen, Freiburg-in-Breisgau, Giessen, Gottingen,. Greifswald, Halle-an-der-Saale, Heidelberg, Helsingfors, Jena, Riel, Konigsberg, Leipzig, Louvain, Lund (two sendings), Rostock, Strasburg, Tlibingen,
Utrecht, Vesteras, Wlirzburg, and Zurich.
Among other important accessions the following are worthy of notice: A brge
series of Italian Government publications from the Italian exchange bureau; Shurtleff's Topographical and Historical Description of Boston, and the "Memorial of John
Boyle O'Reilly," from the Hon. Harlan P. Paige, Boston; Gore's "Electrolytic Separation of Metals/' from the author; from the British Museum, Vol. 1, of the'' Catalogue of the Cuneiform Tablets in the Kouyunjik Collection," "The Book of the Dead.
Facsimile of the Papyrus of Ani," Vol. 9 of the "Catalogue of Oriental Coins," and
"Catalogue of Greek Coins, Pontus, Paphlagonia," etc.; from the Natural History
Division of the same museum, "Catalogue of Birds," Vols. 13, 15, and 18, "Catalogue
of Fossil Cephalipoda," part 2, "Catalogue of Fossil Fishes," part 2, and "Catalogue
of Fossil Reptilia and Amphibia," part'4; Vol. 10 ofNicholai von Kokscharow's "Materialien zur Mineralogic Russlands," from the author; a set of Ohio State publications,
from the State Library at Columbus; the concluding volumes of Lilljeborg's "Sveriges och Norges Fiskar," from the author; four large quarto volumes from the
Societa Roman a eli Storia Patria, "Il Regesto Sublacense del Undecesimo Secolo,"
and "Il Regesto eli Farfa ;" Plana's "Theorie du Mouvement de la Lune," published
in 1832, from the Royal Academy of Sciences, Turin; a large series of official publications of the different provinces, etc., of India, through the Office of the Secretary
of State for India; a large series of French Government publications, through tho
Bureau Fralli,.Jais des Echanges Internationaux; a full set of publications for the
year, including all charts of the hydrographic offices of England, Italy, and Russia;
Prof. van Beneden's recently published "Histoire Naturelle <les Cetaces des
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Mers d'Europe," from the author; municipal reports from the Stadt-Bibliothek,
Hamburg; three important geological reports from the Norwegian Geological Survey,
in addition to the Aarbog already mentioned; 103 more of the valuable dissertations
delivered during the rectorship of Linnreus at Upsala, presented by the H()gre
Allmanna Laroverk at Vesteras, Sweden; Dr. Ferdinand Roemer's "Geologie von
Oberbayern/' in three volumes, from the Koniglich Preussisches Oberbergamt,
Breslau; "Introduction to the Study of Petrology: The Igneous Rocks," by Frederick H. Hatch, from the publishers, Messrs. Swan Sonneschein & Co., London;
ten popular scientific treatises, from the Royal Hungarian Society of Natural
History, Budapest; 23 pamphlets from the Society for Political Education, New
York; 46 New Jersey State Reports, from the New Jersey Historical Society, Newark;
from the Comision del Mapa Geologico, Madrid, the geological map of Spain, "Descripcion de la Provincia de Guadalajara,," and "Estuclies Geologicos de las Islas
Balearic as," in addition to the memoirs and bulletins already mentioned; ''Codex
Diplpmaticus Comitum Karolyi deNagy-Karoly," in four volumes, from Count NagyKaroly, Budapest; the ".J eypore Portfolio of Architectural Details," a magnificent
illustrated work, from His Highness the MaharaJah of Jeypore; a large collection of
valuable books from the National Library at Rio de Janeiro, including the magnificent folio "Flora Brasiliensis;" 39 scientific papers, relating largely to early
Scandinavian and other early discoveries in America, from the Eugene Beauvois,
Cor beson, France; the large folio "History of the Society of Writers to her Majesty's Signet," from the Society; a complete set of the publications of the Institut
National de Geographic, Brussels; the "Hecneil des Ordonuauces," ancl "Hecueil
des Anciennes Coutumes," in 53 large quarto volumes, from the Belgian Exchange
Commission; 6 pamphlets relating to Italian palethnology, from Inspector Pompeo
Castelfranco, Milan; 20 pamphlets relating to human and comparative anatomy,
from the author, Prof. H. Lebouco, of the University of Ghent; the Memorial
edition uf the "Scientific Papers of James Clerk Maxwell," from the Clerk Maxwell
Memorial Committee, Cambridge.
Very respectfully submitted.
JOHN MURDOCH,

Librarian.
Mr. S. P. LANGLEY,
Secretary of the Stnithsonian Instittttion.

.APPENDIX

V.

REPORT ON PUBLICATIONS OF THE YEAR ENDING JUNE 30, 1891.
SliHTHSONIAN CONTRIBUTIONS TO KNOWLEDGE.

SIR: I have the honor to submit the following report upon the publications of the
Smithsonian Institution for the year ending June 30, 1891:
Although no addition has been made durjng the year to the series of" Contributions to Knowledge," one issue has been made in a similar quarto form, consisting of
a collection of botanical plates which had been prepared under the direction of the
late Dr. Asa Gray between the years 1849 and 1859, now some forty years ago. This
fragmentary series of 23 colored plates was designed as a portion of an extended illustrated work on'' The Forest TTees of North America." In the Secretary's report to
the Regents for 1849 it was stated:
"It is intended in this work to give :figures from original drawings of the flowers,
leaves, fruit, etc., of each principal species in the United States proper, for the most
part of the size of nature, and so executed as to furnish colored or uncolored copies,
the :first being intended to give an adequate idea of the species, and the second for
greater cheapness and more general diffusion. This work will be completed in three
parts, in octavo, with an atlas of quarto plates, the :first part to be published next
spring. A portion of this will be occupied with an introductory dissertation giving
the present state of our knowledge (divested as much as possible of all unnecessary
technical terms), of the anatomy, morphology, and physiology of the tree, tracing
its growth from the embryo to its full development and reproduction in the formation of fruit and seed. This will be illustrated by drawings from original dissections,
under the microscope, and sketches made in every instance from nature."
The illustrations, so far as furnished, were skillfully drawn by Sprague, and were
repToduced on stone by Sonrel, Prestele, and others; the impressions being carefully colored by hand. In consequence of various unforeseen hindrances and delays
this interesting woTk, unfortunately, was never completed by its eminent projector;
and no descriptive text was ever re-ceived fTom him, even of the plates which had
been finished under his direction.
N otwHhstanding the time which has elapsed since their original preparation and
the comparatively limited range of their represention, it was thought advisable that
they should be issued for the benefit of botanists, who will undoubtedly be interested in this unfinished work of their great leader and exponent, even without the
advantage of his descriptive comments.
SMITHSONIAN MISCELLANEOUS COLLECTIONS.

The octavo publications of the year in this series are as follows:
No. 747. "An Account of the PTogress in Astronomy, for the years 1887, 1888," by
William C. Winlock. (Prom the Smithsonian Report for 1888.) Octavo pamphlet
of 92 pages.
No. 748. "An Account of the Progress in Geology, for the years 1887, 1888," by ·w
J McGee. (From the Smithsonian Rep®rt for 1888.) Octavo pamphlet of 44- pages.
No. 749. "An Account of the Progress in North American Paleontology, for the
years 1887, 1888," by Henry S. Williams. (Prom the SmHhsonian Report for 1888.)
Octavo pamphlet of 66 pages.
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No. 750. UAn Acconnt. of the Progess in Petrography, for the years 1887, 1888," by
George P. Merrill. (From the Smithsonian Report for 1888.) Octavo pamphlet of
28 pages.
No. 751. "An Account of Recent Progress in Dynamic Meteorology," by Cleveland
Abbe. (From the Smithsonian Report for 1888.) Illustrateu 1vith 7 figures. Octavo pamphlet of 88 pages.
No. 752. "An Account of the Progress in Chemistry, for the years 1887, 1888," by
F. W. Clarke. (From the Smithsonian Report for 1888.) Octavo pamphlet of 29
pages.
No. 753. "An Account of the Progress in Mineralogy, for the years 1887, 1888," by
EdwardS. Dana. (From the Smithsonian Report for the years 1887, 1888.) Octavo
pamphlet of 20 pages.
No. 754. "An Account of the Progress in Botany, for the years 1887, 1888," l>y F.
H. Knowlton. (From the Smithsonian Report for 1888.) Octavo pamphlet of 12
pages.
No. 755. "An Account of the Progress in Anthropology, for the years 1887, 1888,"
l>y Otit~ T. Mason. (From the Smithsonian Report for 1888.) Octavo pamphlet of 86
pages.
No. 756. tr Chronology of the Human Period,'' by J. Woodbridge Davis. (From the
Smithsonian Heport for 1888.) Octavo l)amphlet of 4- pages.
No. 757. " ·w ere the Osages Mound l>uHtlers," 1ly J. F. Snyder. (From the Smithsonian Report for 1888.) Octavo pamphlet of 10 pages.
No. 758. "The Progress of Science as exemplifieu in the Art of Weighing and
Measuring," by William HarknesEt. (From the Smithsonian Report for 1888.) Octavo pamphlet of 37 pages.
No. 759. "Determination of the Mean Density of the Earth l>y means of a Pendulum Principle," by J. Wilsing. Translated from the German and condensed by J.
Howard Gore. (From the Smithsonian Report for 1888.) Octavo pamphlet of 12
pages, illustrated with 1 figure.
No. 760. "Derivation of the Name America," by Jules Marcou. (From the Smithsonian Heport for 1888.) Octave pamphlet of 27 pages, illustrated with one map
and 2 cuts.
No. 761. "Progress of Oriental Science in America during 1888," by Cyrus Adler.
(From the Smithsonian Heport for 1888.) Octave pamphlet of 28 pages.
No. 762. "Biographical Memoirs of Spencer Fullerton Baird." (From the Smithsonian Report for 1888.) Octavo pamphlet of 42pages.
No. 763. "Biographical Memoirs of Asa Gray," by James D. Dana and William G.
Farlow. (From the Smithsonian Report for 1888.) Octavo pamphlet of 81 pages.
No. 764. "The Correction of Sextants for Errors of Eccentricity anu Graduation,"
by Joseph A. Rogers. Octavo pamphlet of 33 pages.
No. 773. "The National Scientific Institutions at Berlin," by Albert Guttstaclt,
translated from the German and condensed by George H. Boehmer. (Prom the Smithsonian Report for 1889.) Octavo pamphlet of 56 pages.
No. 774. "Hertz's Researches on Electrical Oscillations," by G. W. de Tnnzelmann
and by Frederic T. Trouton. (From the Smithsonian Report for 1889.) Octavo pamphlet of 59 pages, illustrated with 19 .figures.
No. 775. "An account of the Progress in lVieteorology for the year 1889," by George
E. Curtis. (From the Smithsonian Heport for 1889.) Octavo pamphlet of 81 pages,
illustrated wHh 1 figure.
No. 776. "On the Movem.e nts of the Earth:s Crust," by A. Blytt, translated from
the Norwegian by W. S. Dallas. (:F'rom the Smithsonian Report for 1889.) Octavo
pamphlet of 51 pages, illustrated with 1 figure.
No. 777. "Timekeeping in Greece and Rome," by F. A. Seely. (From the Smithsonian Report for 1889.) Octavo pamphlet of 21 pages.
No. 778~ "~tolo~ical Papers," comprisin~ "Botanical Biolo~y ,'' b! \V, T. T4iselto~1-
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Dyer; "Elementary Problems in Physiology," by J. S. Burdon-Sanderson; "The
Life Work of Pasteur/' by Sir Henry E. Roscoe; "On Heredity.'' by Sir William
Turner. (From the Smithsonian Report for 1889.) Octavo pamphlet of 66 pages.
No. 779. "Papers on Physieal Subjects," comprising "On Boscovich's Theory," by
Sir William Thomson; "The Modern Theory of ].:ight," by Oliver J. Lodge; "Photography in the Service of Astronomy," by R. Radau; "The Molecular Structure of
Matter," by William Anderson. (From the Smithsonian Report for 1889.) Octavo
pamphlet of 46 pages.
No. 780. "A. Michelson's Recent Researches on Light: A Presentation Address,"
by Joseph Lovering. (From the Smithsonian Report for 1889.) Octavo pamphlet
of 20 pages.
No. 781. "Anthropological Papers," comprising 11 Anthropology in the last Twenty
Years," by Rudolph Virchow; "Scandinavian Archa~ology," by Ingwald Unset;
"The Last Steps in the Genealogy of Man," by Paul Topinard. (From the Smithsonian Report for 1889.) Octavo pamphlet of 62 pages.
No. 782. "An Account of the Progress in Anthropology for the year 1889," by Otis
T. Mason. (From the Smithsonian Report for 1889.) Octavo pamphlet of 78 pages.
No. 783. "The State and Higher Education," by Herbert B. Adams. (From the
Smithsonian Report for 1889.) Octavo pamphlet of 16 pages.
No. 784-. "Geographical Latitude," by Walter B. Scaife. (From the Smithsonian
Report for 1889.) Octavo pamphlet of 45 pages.
No. 785. " Bibliography of the Chemical Influence of Light," by Alfred Tuckerman. Octavo pamphlet of 25 pages.
"United States Board on Geographic Names." Bulletin No. 1. Issued December,
31, 1890: Octavo pamphlet of viii
24.

+

SMITHSONIAN ANNUAL REPORTS,

No. 767. "Annual Report of the Board of Regents of the Smithsonian Institu"tion,
showing the operations, expenditures, and condition of the Institution to, July,
1888." This volume contains the Journal of Proceedings of the Board of Regents
at the annual meeting held January 11, 1888; the Report of the Ex0rmtive Committee of the Board, and the Report of the Secretary of the Institution, followed
by the "General Appendix," in which are given: I. Record of progress in various
branches of seience for the years 1887 and1888-in Astronomy, by William C. vVinlock; in Geology, by ·w J McGee; in North American Paleontology, by Henry S.
Williams; in Petrography, by George P, Merrill; in Meteorology, by Cleveland Abbe;
in Chemistry, by F. W. Clarke; in Mineralogy, by EdwardS. Dana; in Botany, byF.
'H. Knowlton, and in Anthropology, by Otis T. Mason. II. Miscellaneous papers" Chronology of the Human Period," by J. Woodbridge Davis; "Were the Osages
Mound-builders P by J. F. Snyder; "The Progress of Science as exemplified in the
Art of Weighing and Measuring," by William Harkness; 11 Determination of the
Mean Density of the Earth by means of a Pendulum Principle," by J. Wilsing;
"Amerriq ues Amer:igho Vespucci and America," by Jules Marcou; "Progress of
Oriental Science in America During 1888," by Cyrus Adler. III. BiographicalMemoirs-a collection of memoirs of Spencer F. Baird and of Asa Gray; the whole forming an octavo volume of xli 839 pages, illustrated with 9 :figures andl map.
No. 768. "Annual Report of tl1e Boa-rd of Regents of the Smithsonian Institution,"
showing the operations and condition of the U. S. National Museum for the year
ending June 30, 1888. This report cornpnses, (I) Report of the Assistant Secretary
of the Smithsonian Institution, G. Brown Goode, in charge of theN atioual Musemr.,
upon the Condition and Progress of the Museum; (II) Reports of the Curators of th3
Museum upon the Progress of"Work During the year; (III) Papers Describing anfl
Illustrating the Collections in the Museum; (IV) Bibliography of Publications ancl
Papers Relating to the Museum during the year; (V) List of Accessions to the Museum
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during the year. This report. forms an octavo volume ofxxii 876 pages, illustrated
with 159 figures, 109 plates, and. 2 fol<liug- maps.
No. 746. u Proceeclings of the Regents an<l Report of the Executive Committee
for the year 1887-'88, together with ::Lets of Congress for the year." (From the
Smithsonian Report for 1888.) Octavo p:1mphlet of 33 pages.
No. 769. "Annual Report of the Board of Regents of the Smithsonian Institution, '
showing the operations, expen<litures, and cou<lition of the Institution to July, 1889."
This report includes the J ourna.l of Proceedings of the Board of Regents of tho Institution at the :1nnual meeting held January 9, 1889; the Report of the Executive
Committee of the Board; and. the Report of the Secretary of the Institution; followed
by the "General Appendix," which contains the following papers: The National
Scientific Institutions at Berlin, by Albert Guttstadt; Hertz's Researches on Electrical Oscillations, by G. W. de Tunzelmann; Repetition of Hertz's Experiments, etc.,
by Frederick T. Tronton; Progress of Meteorology in 1889, by George W. Curtis:
How Rain is· Formed, by H. F. Blanford; On Aerial Locomotion, by F. H. Wenham;
On the Movements of the Earth's Crust, by A. Blytt; Time-keeping in Greece and
Rome, by F. A. Seely; Botanical Biology, l>y vV. T. Thiselton Dyer; Elementary Problems in Physiology, by J. S. Burdon Sanderson; On Boscovich's Theory, by Sir Wililam Thompson; The Modern Theory of Light, by Oliver J. Lodge; Michelson's
Recent Researches on Light, by Joseph ;Lovering; Photography in the Service of
Astronomy, by R. Radau; The Lifework of a Chemist, by Sir Henry E. Roscoe; Memoir of Heinrich Leberecht Fleischer, by A Muller; Memoir of Gustav Robert Kirchhoff, by Robertson Helmholtz; On Heredity, by Sir William Turner; Anthropology
in the Last Twenty Years, by Rudolph Virchow; Scandinavian Arch::.eology, by Ingwald Unset; Progress of Anthropology in 1889, by Otis T. Mason; The Last Steps in
the Genealogy of Man, by Paul TorJinarcl; The Stn,te and Higher Education, by Herbert Adams; The Molecular Structure ofMatter, by William Anderson; Aluminium,
by H. C. Hovey; Alloys of Aluminium, by J. H. Dagger; The Eiffel Tower, by G. Eiffel
an(l by vVilliam A. Eddy; The Great Terrestrial Globe at the Paris Exhibition of
1889; Geographical Latitude, by Walter B. Scaife; the whole forming an octavo volume ofxlvi
815 pages, illustrated with 33 figures.
No. 771. u Report of S. P. Langley, Secretary of the Smithsonian Institution, for
the year ending June 30, 1890." Octavo pamphlet of 82 pages, illustrated with two
maps.
No. 772. "Proceedings of the Regents, and Report of the Executive Committee for
t.he year 1888-'89, together with acts of Congress for the year." (From the Smithsonian Report for 1889.) Octavo pamphlet of 36 pages.
Very respectfully yours,
vV. B. TAYLOit,
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ADVERTISEMENT.

' The object of the GENERAL APPENDIX to the Annual Report of the
Smithsonian Institution is to furnish brief accounts of scientific discovery in particular directions; occasional reports of the investigations
made by collaborators of the Institution; memoirs of a general character or on special topics, whether original and prepared expressly for the
purpose, or selected from foreign journals and proceedings; and briefly
to present (as fully as space will permit) such papers not published in
the Smithsonian Contributions or in the Miscellaneous Collections as
may be supposed to be of interest or value to the numerous correspondents of the Institution.
It has been a prominent object of the Board of Regents of the Smithsonian Institution, from a very early date, to enrich the annual report
required of them by law with memoirs illustrating the more remarkable and important developments in physical and biological discovery,
as well as showing the general character of the operations of the Institution; and this purpose has, during the greater part of its history,
been carried out largely by the publication of such papers as would
possess an interest to all attracted by scientific progress.
In 1880, the Secretary, induced in part by the discontinuance of an
annual summary of progress which for thirty years previous had been
issued by well-known private publishing firms, had prepared by competent collaborators a series of abstracts, showing concisely the prominent features of recent scientific progress in astronomy, geology, meteorology, physics, chemistry, mineralogy, botany, zoology, and anthropology. This latter plan was continued, though not altogether satisfactorily, down to and including the year 1888.
In the report for 1889, a return was made to the earlier method of
presenting a miscellaneous selection of papers (some of them original)
embracing a considerable range of scientific investigation and discussion, This method has been continued in the present report, for 1891.
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CELESTIAL SPECTROSCOPY.*

By WILLIAM

HUGGINS, li'. R. S.

In 1866, I had the honor of bringing before this Association, at one of
the evening lectures, an account of the first fruits of the novel and unexpected advances in our knowledge of the celestial bodies which followed rapidly upon Kirchhoff's original work on the solar spectrum
and the interpretation of its lines.
Since that time a great harvest has been gathered in the same field
by many reapers. Spectroscopic. astronomy has become a distinct and
acknowledged branch of the science, possessing a large literature of
its own, and observatories specially devoted to it. The more recent discovery of the gelatine dry plate has given a further great impetus to this
modern side of astronomy and has opened a pathway into the unknown
of which even an enthusiast thirty years ago would scarcely have dared
to dream.
In no science, perhaps, does the sober statement of the results which
have been achieved appeal so strongly to the imagination and make
so evident the almost boundless powers of the mind of man. By
means of its light alone to analyze the chemical nature of a far-distant
body; to be able to reason about its present state in relation to the
past and future; to measure within an English mile or less per second
the otherwise invisible motion which it may have towards or from us;
to do more, to make even that which is darkness to our eyes light, and
from vibrations which our organs of sight are powerless to perceive
to evolve a revelation in which we see mirrored some of the stages
through which the stars may pass in their slow evolutional progresssurely the record of such achievements, however poor the form of
words in which they may be described, is worthy to be regarded as the
scientific epic of the present century.
Spectroscopic method8.-I do not purpose to attempt a survey of the
progress of spectroscopic astronomy from its birth at Heidelberg in 1859.
but to point out what we do know at present, as distinguished from what
"Presidentia,l address to the British Association for the Advancement of Science,
rat Cardiff, August, 1891. (Report of Brit. Assoc. 1891, vol. L"'I::I1 pp. 3-37.)
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we do not know, of a few only of its more important problems, giving a
prominent place, in accordance with the traditions of this chair, to the
work of the last year or two.
In the spectroscope itself advances have been made by Lord Rayleigh by his discussion of the theory of the instrument and by Prof.
Rowland in the construction of concave gratings.
Lord Rayleigh has shown that there is not the necessary connection,
sometimes supposed, between dispersion and resolving power, as besides the prism or grating other details of construction and of adjustment of a spectroscope must be taken into account.
The resolving power of the prismatic spectroscope is proportional to
the length of path in the dispersive medium. For the heavy flint glass
used in Lord Rayleigh's experiments, the thickness necessary to resolve
the sodium lines came out 1·02 centimeters. If this be taken as a unit,
the resolving power of a prism of similar glass "\vill be (in the neighborhood of the sodium lines) equal to the number of centimeters of its
thickness. In other parts of the spectrum the resolving power will
vary inversely as the third power of the wave length, so that it will be
eight times as great in the violet as in the red. The resolving power
of a spectroscope is therefore proportional to the total thickness oL the
dispersive material in use, irrespective of the number, the angles, or
the setting of the separate prisms into which, for the sake of convenience, it may be distributed.
The resolving power of a grating depends upon the total number of
lines on its surface and the order of spectrum in use, about 1,000 lines
being· necessary to resolve the sodium lines in the first spectrum.
As it is often of importance in the record of observat.ions to state
the efficiency of the spectroscope with which they were made, Prof.
Schuster has proposed the use of a unit of purity as well as of resolving power, for the full resolving power of a spectroscope is realized
in practice only when a sufficiently narrow slit is used. The unit of
purity also is to stand for the separation of two lines differing by onethousandth of their own wave length, about the separation of the
sodium pair at D.
A further limitation may come_ in from the physiological fact that,
as Lord Rayleigh has pointed out, the eye, when its full aperture is
used, is not a perfect instrument. If we wish to realize the full resolving power of a spectroscope, therefore, the emergent beam must not ue
larger than about one-third of the opening of the pupil.
Up to the present time the standard of reference for nearly all speetroscopic work continues to be Angstrom's map of the solar spectrmr.
and his scale based upon his original determinations of absolute wa,·e
length. It is well known, as was pointed out by Thalen in his work
on the spectrum of iron, in 1884, that Angstrom's figures are slightly
too small, in consequence of an error existing in a standard meter used
by him. The corrections for this have been introduced into the tables
of the wave lengths of terrestrial spectra collected and revised by a
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committee of this Association from 1885 to 1887. Last year the com·
mittee added a table of corrections to Row land's scale.
The inconvenience caused by a change of standard scale is, for a
time at least, considerable; but there is little doubt that in the near
future Rowland's photographic map of the solar spectrum and his
scale based on the determinations of absolute wave length by Pierce
and Bell, or the Potsdam scale, based on original determinations by
Muller and Kempf, which differs very slightly from it, will come to be
~xclusively adopted.
The great accuracy of Rowland's photographic map is due chiefly to
the introduction by him of concave gratings and of a method for their
usc by which the problem of the determination of relative wave lengths
is simplified to measures of coincidences of the lines in different spectra
by a micrometer.
The concave grating and its peculiar mounting, in which no lenses
or telescope are needed, and in which all the spectra are in focus
together, formed a new departure of great importance in the measure•
ment of spectral lines. The valuable method of photographic sensitizers for different parts of the spectrum has enabled Prof. Rowland to
include in his map the whole visible solar spectrum, as well as the
ultra-violet portion as far as it can get' through our atmosphere. Some
recent photographs of the solar spectrum, which include A, by Mr.
George Higgs, are of great technical beauty.
During the past year the results of three independent researches
'have appeared, in which the special object of the observers has been
to distinguish the lines which are due to our atmosphere from those
which are truly solar-the maps of M. Thollon, which, owing to his
lamented death just before their final completion, have assumed the
character of a memorial of him; maps by Dr. Becker; and sets of pho·
tographs of a high and a low sun by 1\!Ir. McClean.
At the meeting of this association in Bath, l\1. Janssen gave an account of his own researches on the terrestrial lines of the solar spectrum which owe their origin to the oxygen of our atmosphere. He
discovered the remarkable fact that, while one class of bands varies as
the density of the gas, other diffuse bands vary as the square of the
density. These observations are in accordance with the work of Egoroft and of Olszewski, and of Liveing and Dewar on condensed oxygen. In some recent experiments Olszewski, with a layer of liquid
oxygen 30 millimeters thick, saw, as well as four other bands, the band
coincident with Fraunhofer's A; a remarkable instance of the persistence of absorption through a great range of temperature. The light
which passed through the liquid oxygen had a light blue color resembling that of the sky.
Of not less interest are the experiments of Knut Angstrom, which
show that the carbonic acid and aqueous vapour of the atmosphere
reveal their presence by dark bands in the invisible infra-red region,
at the positions of bands of emission of these substances.
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Spectroscop,ic conditions.-It is now some thirty years since the spectroscope gave us for the :first time certain knowledge of the nature of
the heavenly bodies, and revealed ths..fundamental fact that terrestrial
matter is not peculiar to the solar system, but is common to all the
stars which are Yisible to us.
In the case of a Rtar Ruch as Capella, which has a spectrum almost
identical with that of the sun, we feel justified in concluding that the
matter of which it is built up is similar, and that its temperature is
also high, and not very different from the solar temperature. The task
of analyzing the stars and nebula\ becomes however one of very great
difficulty when we have to do with spectra differing from the solar type.
We are thrown back upon the laboratory for the information necessary
to enable us to interpret the indications of the spectroscope as to the
chemical nature, the density and pressure, and the temperature of tlJe
celestial masses.
What the spectroscope immediately reveals to us are the waves
which were set up in the ffither :filling all inter-stellar space, years or
hundreds of years ago, by the motions of the molecules of the celestial
substances. As a rule, it is only when a body is gaseous and sufficiently
hot that the motions within its molecules can produce bright lines and
a corresponding absorption. The spectra of the heavenly bodies are
indeed, to a great extent absorption spectra, but we have usually to
study them through the corresponding emission spectra of bodies
brought into the gaseous form and rendered luminous by means of
flames or of electric discharges. In both cases, unfortunately, as has
been shown recently by Profs. Liveing and Dewar, Wiillner, E. Wiedemann and others, there appears to be no certain direct relation between the luminous radiation as shown in the spectroscope and the
temperature of the flame, or of the gaseous contents of the vacuum
tube-that is, in the usual sense of the term as applied to the mean
motion of all the molecules. In both cases, the vibratory motions within the molecules to which their luminosity is due are almost always
much greater than would be produced by encounters of molecules having motions of translation no greater than the average motions which
characterize the temperature of the gases as a whole. The temperature of a vacuum tube through which au electric discharge is taking
place may be low, as shown by a thermometer, quite apart from the
consideration of the extreme smallness of the mass of gas, but the
vibrations of the luminous molecules must be violent in whatever way
we suppose them to be set up by the discharge; if we take Schuster's
view that comparatively few molecules are carrying the uischarge, and
that it is to the :fierce encounters of these alone that the luminosity is
clue, then if all the molecules had similar motions, the temperature of
the gas would be very high.
So in flames where chemical changes are in progress, the vibratory
motions of the molecules which are luminous may be, in connection with
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the energy set free in these changes, very different from those corresponding to the mean temperature of the tlame.
Under the ordinary conditions of terrestrial experiments, therefore,
the temperature or the mean vis viva of the molecules may have nodirect relation to the total radiation, which, on the other hand, is the
sum of the radiation due to each luminous molecule.
These phenomena have recently been discussed by Bbert from the
st2:ndpoint of the electro-magnetic theory of light.
Very great caution is therefore called for when we attempt to reason
by the aid of laboratory experiments to the temperature of the heavenly
bodies from their radiation, especially on the reasonable assumption
that in them the luminosity is not ordinarily associated with chemical
changes or with electrical discharges; but is due to a simple glowing
from the ultimate conversion of the gravitational energy of shrinkage
into molecular motion.
·
In a recent paper Stas maintains that electric spectra are to be regarded as distinct from flame spectra; and from researches of his own,
that the pairs of lines of the Rodium spectrum other than D are produeell only by disruptive electric discharges. As these pairs or lines
are found reversed in the solar spectrum, he concludes that the sun's
radiation is due mainly to electric discharge~. But Wolf and Diacon,
and later, Watts, observed the other pairs of lines of the sodium spectrum when the vapor was raised above the ordinary temperature of
the Bunsen flame. Recently, Liveing and Dewar saw easily, besides
D, the citron and green pairs, and sometimes the blue pair and the
orange pair, when hydrogen charged with sodium vapor was burning
at different pressures in oxygen. In the case of sodium vapor, therefore, and presumably in all other vapors and gases, it is a matter of
indifference whether the necessary vibratory motion of the molecules is
produced by electric discharges or by flames. The presence of lines in
the solar spectrum which we can only produce electrically, is an indication, however, as Stas points out, of the high temperature of the sun.
We must not forget that the light from the heavenly bodies may consist of the combined radiations of different layers of gas at different temperaturrs, aucl possibly be further complicated to an unknown extent
by the absorption of cooler portions of gas outside.
Not less caution is needed if we endeavor to argue from the broadening of line8 and the coming in of a continuous Rpectrmn as to the relative pressure of the gas in the celestial atmospheres. On the one hand,
it can not be gainsaid that in the laboratory the ·w idening of the lines
in a Plucker's tube follows upon increasing the density of the residue
of hydrogen in the tube, when the vibrations are more frequently disturbed by fresh encounters, and that a broadening of the sodium lines
in a flame at ortlinary pret:;sure is produced by an increase of the qnautity of sodium in the flame; but it is doubtfnl if pressure;as distinguished from quantity, does produce an in<'r<'ase of the breadth of the
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lines. .An individual molecule of sodium will be sensibly in the same
condition, considering the relatively enormous number of the molecules
of the other gases, whether the flame is scantily or copiously fed with
the sodium salt. With a small quantity of sodium vapor the intensity
will be feeble except near the maximum of the lines; when, however,
the quantity is increased, the comparative transparency on the sides of
the maximum will allow the light from the additional mol3cliles met
with in the path of the visual ray to strengthen the radiation of the
molecules farther back, and so increase the breadth of the lines.
In a gaseous mixture it is found, as a rule, that at the same pressure
or temperature, as the encounters with similar molecules become fewer,
the spectral lines will be affected as if the body were observed under
conditions of reduced quantity or temperature.
In their recent investigation of the spectroscopic behavior of flames
under various pressures up to forty atmospheres, Profs. Living and
Dewar have come to the conclusion that though the prominent feature
of the light emitted by flames at high pressure appears to be a strong
continuous spectrum, there is not the slightest indication that this continuous spectrum is produced by the broadening of the lines of the same
gases at low pressure. On the contrary, photometric observations of
the brightness of the continuous spectrum, as the pressure is varied,
show that it is mainly produced by the mutual action of the molecules
of a gas. Experiments on the sodium spectrum were carried up to a
pressure of forty atmospheres without producing any definite effect on
the width of the lines which could be ascribed to the pressure. In a
similar way the lines of the spectrum of water showed no signs of expansion up to twelve atmospheres; though more intense than at ordinary pressure, they remained narrow and clearly defined.
It follows therefore that a continuous spectrum can not be considered,
when taken alone, as a sure indication of matter in the liquid or the
solid state. Not only, as in the experiments already mentioned, such
a spectrum may be due to gas when under pressure, but, as J\1axwell
pointed out, if the thickness of a medium, such as sodium vapor, which
radiates and absorbs different kinds of light, be very great, and the
temperature high, the light emitted will be of exactly the same composition as that emitted by lamp-black at the same temperature, for the
radiations which are feebly emitted will be also feebly absorbed and
can reach the surface from immense depths. Schuster has shown that
oxygen, even in a partially exhausted tube, can give a eontinuous spectrum when excited by a feeble electric discharge.
Compound bodies are usually distinguished by a banded spectrum;
but, on the other hand, such a spectrum does not necessarily show the ·
presence of compounds-that is, of molecules containing different kinds
of atoms-but simply of a more complex molecule, which may be made
up of similar atoms, and be, therefore, an allotropic condition of the
same body. In some cases-for example, in the diffuse bands of the ,
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a,bsorption spectrum of oxygen-the bands may have an intensity proportional to the square of the density of the gas, and may be clue either
to the formation of more complex molecules of the gas with increase of
pressure or, it may be, to the constraint to which the molecules are subject during their encounter with one another.
It may be thought that at least in the coincidences of bright lines we
are on the S()lid ground of certainty, since the length of the waves set
up in the mther by a molecule, say of hydrogen, is the most :fixed and
absolutely permanent quantity ip. nature, and is so of physical necessity,
for with any alteration the molecule would cease to be hydrogen.
Such would be the case if the coincidence were certain; but an absolute coincidence can be only a matter of greater or less probability,
depending on the resolving power employed, on the number of the lines
which correspond, and on their characters. When the coincidences are
very numerous, as in the case of iron and the solar spectrum, or the
lines are characteristically grouped, as in the case of hydrogen and the
solar spectrum, we may regard the coincidence as certain'; but the
progress of science has been greatly retarded by resting important conclusions upon the apparent coincidence of single lines in spectroscopes
of very small resolving power. In such cases, unless other reasons
supporting the coincidence are present, the probability of a real coincidence is almost too small to be of any importance, especially in the case
of a heavenly body which may have a motion of approach or of recession
of unknown amount.
But even here we are met by the confusion introduced by multiple
spectra, corresponding to different molecular groupings of the same
~ubstance and, further, to the influence of substances in vapor upon
each other; for when several gases are present together the phenomena
of radiation and reversal by absorption are by no means the same as
if the gases were free from each other's influence, and especially is this
the case when they are illuminated by an electric discharge.
I have said as much as time will permit and I think indeed sufficient to show that it is only by the laborious and slow proeess of most
cautious observation that the foundations of the science of celestial
physics can be surely laid. We are at present in a time of transition,
when the earlier and, in the nature of things, less precise observations
are giving place to work of an order of accuracy much greater than
was formerly considered attainable with objects of such small brightness as the stars.
The accuracy of the earlier determinations of the spectra of the terrestrial elements is in most eases insufficient for modern work on the
stars as well as on the sun. It falls much below the scale adopted in
Rowland's map of the sun, as well as below the degree of accuracy attained at Potsdam by photography in a part of the spectrum for the
brighter stars. Increase of resolving power very frequently breaks up
into groups, in the spectra of the sun and stars, the lines which had
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been regarded as siugle, and their supposed coincidence with te:restrial
•lines falls to the ground. For this reason many of the early conclusions
based on observation as good as it was possible to make at the time
with the less powerful spectroscopes then in use, may not be found to be
maintained under the much greater resolving power of modern instruments.

Spectroscopic Problems.-The spectroseope has failed as yet to interpret for us the remarkable spectrum of the aurora borealis. Undoubtedly in this phenomenon portions of our atmosphere are lighted up by
electric discharges; we should expect, therefore, to recognize the spectra
of the gases known to be present in it. As yet we have not been able
to obtain similar spectra from these gases artificially, and especially we
do not know the origin of the principal line in the green, which often
appears alone, and may have, therefore, an origin independent of that of
the other lines. Hecently the suggestion has been made that the aurora
is a phenomenon produced by the dust of meteors and falling stars, and
that near positions of certain auroral lines or flutings of manganese,
lead, barium, thallium, iron, etc., are sufficient to justify us in regarding
meteoric dust in the atmosphere as the origin of the auroral spectrum.
Liveing and Dewar have made a conclusive research on this point, by
availing themselves of the dust of excessive minuteness thrown off
from the surface of the electrodes of various metals and meteorites by
a disruptive discharge, and carried forward into the tube of observation by a more or less rapid current of air or other gas. These experiments prove that metallic dust, however :fine, suspended in a gas will
not act like gaseous matter in becoming luminous with its characteristic spectrum in an electric discharge similar to that of the aurora.
Prof. Schuster has suggested that the principal line may be due to some
very light gas which is present in too small a proportion to be detected
by chemical analysis_ or even by the spectroscope in the presence of
the other gases near the earth, but which, at the height of the auroral
discharges is in a sufficiently greater relative proportion to give a
spectrum. Lemstro'm, indeed, states that he saw this line in the silent
discharge of a Holtz machine on a mountain in Lapland. The lines
may not have been obtained in our laboratories from the atmospheric
gases on account of the difficulty of re-producing in tubes with sufficient
nearness the conditions under which the auroral discharges take place.
In the spectra of comets the spectroscope has shown the presence of
carbon presumably in combination with hydrogen, and also sometimes
with nitrogen; and in the case of comets approaching very near the sun,
the lines of sodium, and other lines which have been supposed to belong
to iron. Though the researches of Prof. H. A. Newton and of Prof.
Schiaparelli leave no doubt of the close connection of comets with
corresponding periodic meteor swarms, and therefore of the probable
identity of cometary matter with that of meteorites, with which the spec-

CELESTIAL SPECTROSCOPY.

77

troscopic evidence agrees, it would be perhaps unwise at present to attempt to define 1 too precisely the exact condition of the matter which
forms the nucleus of the comet. In any case the part of the light of
the comet which is not reflected solar light can scarcely be attributed
to a high temperature produced by the clashing of separate meteoric
stones set up within the nucleus by the sun's ' disturbing force. We
must look rather to disruptive electric discharges, produced probably
' by processes of evaporation due to increaRed solar heat, which would
be amply sufficient to set free portions of the occluded gases into the
vacuum of space. May it be that these discharges are assisted, and
indeed possibly increased, by the recently-discovered action of the
ultra-violet part of the sun's light~ Lenard and Wolfe have shown
that ultra-violet light can produce a discharge from a negatively electrified piece of metal, while Hallwachs and Righi have shown further
that ultra-violet light can even charge positively an unelectrified piece
of metal. Similar actions on cometary matter, unscreened as it is by an
absorptive atmosphere, at least of any noticeable extent, may well be
powerful when a comet approaches the sun, and help to explain an
electrified condition of the evaporated matter which would possibly
bring it under the sun's repulsive action. We shall have to return to
this point in speaking of the solar corona.
A very great advance has been made in our knowledge of the constitution of the sun by the recent work at the Johns Hopkins University
by means of photography and concave gratings, in comparing the solar
spectrum, under great resolving power, directly with the spectra of the
terrestrial elements. Prof. Rowland has shown that the lines of thirtytSix terrestrial elements at least are certainly present in the solar spectrum, while eight others are doubtful. Fifteen elements, including nitrogen, as it shows itself under an electric discharge in a vacuum tube,
have not been found in the solar spectrum. Some ten other elements,
inclusive of oxygen, have not yet been compared with the sun's spectrum.
Rowland remarks that of the fifteen elements named as not found in
the sun, many are so classed because they have few strong lines, or
none at all, in the limit of the solar spectrum as compared by him with
the arc. Boron has only two strong lines. The lines of bismuth are
compound and too diffuse. Therefore even in the case of these fifteen
elements there is little evidence that they are really absent from the
sun.
It follows that if the whole earth were heated to the temperature of
the sun, its spectrum would resemble very closely the solar spectrum.
Rowland has not found any lines common to several elements, and
in the case of some accidental coincidences, more aceurate investigation reveals some slight difference of wave-length or a common impurity. Further, the relative strength of the lines in the solar spectrum is generally, with a few exceptions, the same as that in the elec-
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tric ar~, so that Rowland considers that his experiments show "very
little evidence" of the breaking up of the terrestrial elements in the
sun.
Stas in a recent paper gives the final results of eleven years of research on the chemical elements in a state of purity, and on the possibility of decomposing them by the physical and chemical forces at our
disposaL His experiments on calcium, strontium, lithium, magnesium,
silver, sodium, and thallium, show that these substances retain their
individuality under all conditions, and are unalterable by any forces
that we can bring to bear upon them.
Prof. Rowland looks to the solar lines which are unaccounted for as
a means of enabling him to discover such new terrestrial elements as
still lurk in rare minerals and earths, by confronting their spectra
directly with that of the sun. He has already resolved yttrium spectroscopically into three components, and actually into two. The comparison of the results of this independent analytical method with the
remarkable but different conclusions to which M. Lecoq de Boisbaudran
and Mr. Crookes have been led respectively, from spectroscopic observation of these bodies when glowing under molecular bombardment in
a vacuum tube, will be awaited with much interest. It is worthy of
remark that, as our knowledge of the spectrum of hydrogen in its complete form came to us from the stars, it is now from the sun that chemistry is probably about to be enriched by the discovery of new elements.
In a discussion in the Bakerian Lecture for 1885, of what we knew
up to that time of the sun's corona, I was led to the conclusion that the
corona is essentially a phenomenon similar in the cause of its formation
to the tails of comets-namely, that it consists for the most part probably of matter going from the sun under the action of a force, possibly
electrical, which varies as the surface, and can therefore in the case of
bigbly attenuated matter easily master the force of gravity even near
the sun. Though many of the coronal particles may return to the sun,
those which form the long rays or streamers do not return; they separate and soon become too diffused to be any longer visible, and may
well go to furnish the matter of the zodiacal light, which otherwise has
not received a satisfactory explanation. And further, if such a force
exist at the sun, the changes of terrestrial magnetism may be due to
direct electric action, as the earth moves through lines of inductive
force.
These conclusions appear to be in accordance broadl-y with the lines
along which thought has been directed by the results of subsequent
eclipses. Prof. Schuster takes an essentially similar view, and suggests
that there may be a direct electric connection between the sun and the
planets. He asks further whether the sun may not act like a magnet
in consequence of its revolution about its axis. Prof. Bigelow has recently treated the coronal forms by the theory of spherical harmonics,
on the supposition that we see phenomena similar to those of free elec-
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tricity, the rays being lines of force, and the coronal matter discharged
from the sun, or at least arranged or controlled by these forces. At
the extremities of the streams for some reasons the repulsive power may
be lost, and gravitation set in, bringing the matter back to the sun.
The matter which does leave the sun is persistently transported to the
equatorial plane of the corona; in fact, the zodiacal light may be the
accumulation at great distances from the sun along this equator of such
like material. Photographs on a larger scale will be desirable for the
full development of the conclusions which may follow from this study
of the curved forms of the coronal structure. Prof. Schaeberle, however, considers that the coronal phenomena may be satisfactorily accounted for on the supposition that the corona is formed of streams of
matter ejected mainly from the spot zones with great initial velocities,
but smaller than 382 miles pm· second. Further, that the different types
of the corona are due to the effects of perspective on the streams, from
the earth's place at the time relatively to tb.e plane of the solar equator.
Of the physical and the chemical nature of the coronal matter we
know very little. Schuster concludes, from an examination of the
eclipses of 1882, 1883, and 1886, that the continuous spectrum of tb.e
corona has the maximum of actinic intensity displaced considerably
towards the red when compared with the spectrum of the sun, which
shows that it can only be due in small part to solar light scattered by
small particles. The lines of calcium and of hydrogen do not appear to
form part of the normal spectrum of the corona. The green coronal
line has no known representative in terrestrial substances, nor has
Schuster been able to recognize any of our elements in the other lines
of the corona.

Stellctr evolution.-The spectra of the stars are almost infinitely
uiversified, yet they can be arranged with some exceptions in a series
in which the adjacent spectra, especially in the photographic region,
are scarcely distinguishable, passing from the bluish-white stars like
Sirius, through stars more or less solar in char.acter, to stars with
banded spectra, which divide themselves into two apparently independent groups, according as the stronger edge of the bands is towards
the red or the blue. In such an arrangement the sun's place is towards
the middle of the series.
At present a difference of opinion exists as to the direction in the
series in which evolution is proceeding, whether by further condensation white stars pass into the orange and red stages, or whether these
more colored stars are younger and will become w bite by increasing
age. The latter view was suggested by Johnstone Stoney in 1867.
About ten years ago Ritter in a series of papers discussed the behavior of gaseous masses during condensation, and the probable resulting
constitution of the heavenly bodies. According to him, a star passes
through the orange and red stages twice, first during a comparatively
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short period of increasing temperature, which culminates iu the white
stage, and a second time during a more prolonged stage of gradual
cooling. He suggested that the two groups of banded stars may correspond to these different periods, the young stars being those in which
the stronger edge of the dark band is towards the blue, the other banded
stars, which are relatively less luminous and few in number, being those
which are approaching extinction through age.
Recently a similar evolutional order has been suggested, which is
based upon the hypothesis that the nebulffi and stars consist of colliding meteoric stones in different stages of condensation.
More recently the view has been put forward that the diversified
spectra of the stars do not represent the stages of an evolutional
progress, but are due for the most part to differences of original constitution.
The few minutes which can be given to this part of the address are
insufficient for a discussion of these different views. I purpose, therefore, to state briefly, and with r eserve, as the subject is obscure, some of
the considerations from the characters of their spectra which appeared
to me to be in favor of the evolutional order in which I arranged the
stars from their photographic spectra in 1879. This order is essentially
the same as Vogel had previously proposed in his classification of the
stars in 187 4, in which the white stars, which are most numerous,
represent the early adult and most persistent stage of stellar life; the
solar condition that of full maturity and of commencing age; while in
the orange and reel stars with banded spectra we see the setting in and
advance of old age. But this statement must be taken broadly, and
not as asserting that all stars, however different in mass and possibly
to some small extent in original constitution, exhibit one invariable succession of spectra.
In the spectra of the white stars the dark metallic lines are relatively
ineonspicuous, and occasionally absent, at the same time that the dark
lines of hydrogen are usually strong, and more or less broad, upon a
continuous spectrum, which is remarkable for its brilliancy at the blue
end. In some of these ·stars the hydrogen and some other lines are
bright, and sometimes variable.
As the greater or less prominence of the hydrogen lines, dark or
bright, is characteristic of the white stars as a class, and diminishes
gradually with the incoming and increase in strength of the other
lines, we are probably justified in regarding it as due to some conditions which occur naturally during the progress of stellar life, and not
to a peculiarity of original constitution.
To produce a strong absorption-spectrum a substance must be at the
particular temperature at which it is notably absorptive; and further,
tllis temperature must be sufficiently below that of the region behind
from which the light comes for the gas to appear, so far as its special
rays are concerned, as darkness upon it. Considering the high tern:
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perature to which hydrogen must be raised before it can show its characteristic emission and absorption, we shall probably be right in attributing the relative feebleness or absence of the other lines, not to the
paucity of the metallic vapors, but rather to their being so hot relatively
to the substances behind them as to show feebly, if at all, by reversion.
Such a state of things would more probably be found, it seems to me,
in conditions anterior to the solar stage. A considerable cooling of the
sun would probably give rise to banded spectra due to compounds, or
to more complex molecules, which might form near the condensing
points of the vapors.
The sun and stars are generally regarded as consisting of glowing
vapor:.:; surrounded by a photosphere where condensation is taking
place, the temperature of the photospheric layer from which the greater
part of the radiation comes being constantly renewed from the hotter
matter within.
At the surface the convection currents would be strong, producing a
considerable commotion, by which the different gases would be mixed
antl not allowecl to retain the inequality of proportions at different
levels due to their vapor densities.
Now the conditions of the radiating photosphere and those of the
gases above it, on which the character of the spectrum of a star depends,
will be determined, not alone by temperature, but also by the force of
gravity in these regions; this force will be fixed by the star's mass and
its stage of condensation, and will berome greater aR the star continues
to condense.
In the case of the sun the force of gravity has already become so
great at the surface that the decrease of the density of the gases must
be extremely rapid, passing in the space of a few miles from atmospheric pressure to a density infinitesimally small; consequently the
tempe.r ature-gradient at the surface, if determined solely by expansion,
must be extremely rapid. The gases here however are exposed to the
fierce radiation of the sun, and unless wholly transparent would take
up beat, especially if any solid or liquid particles were present from
condensation or convection currents.
From these causes, within a very small extent of space at the surface
of the sun, all bodies with which we are acquainted should fall to a condition in which the extremely tenuous gas could no longer give a visible spectrum. The insignificance of the angle subtended by this space
as seen from the earth should cause the boundary of the solar atmosphere to appear defined. If the boundary which we see be that of the
sun proper, the matter above it will have to be regarded as in an essentially dynamical condition-an assemblage, so to speak, of gaseous projectiles, for the most part falling back upon the sun after a greater or
less range of flight. But in any case it is within a space of relatively
small extent in the sun, and probably in the other sol~r stars, that the
H. Mis. 334, pt. 1--6
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reversion which is manifested by dark lines is to be regarded as taking
place.
Passing backward in the star's life, we should find a gradual weakening of gravity at the surface, a reduction of the temperature-gradient so far as it was determined by expansion, and convection currents
of less violence producing less interference with the proportional quantities of gases due to their vapor densities, while the effects of eruptions would be more extensive.
At last we might come to a state of things in which, if the star were
hot enough, only hydrogen might be sufficiently cool relatively to
the radiation behind to produce a strong absorption. The lower vapors
would be protected, and might con_tinue to be relatively ~oo hot for
their lines to appear very dark upon the continuous spectrum; besides,
their lines might be possibly to some extent effaced by the coming in
under such conditions in tho vapors themselves of a continuous spectrum.
In such a star the light radiated towards the upper part ef the atmosphere may have come from portions lower down of the atmosphere
itself, or at least from parts not greatly hotter. There may be no such
great difference of temperature of the low and less low portions of the
star's atmosphere as to make the darkening effect of absorption of the
protected metallic vapors to prevail over the illuminating effect of
their emission.
It is only by a vibratory motion corresponding to a very high temperature that the bright lines of the first spectrum of hydrogen can be
brought out, and by the equivalence of absorbing and emitting power
that the corresponding spectrum of absorption should be produced;
yet for a strong absorption to show itself, the hydrogen must be cool
relatively to the source of radiation behind it, whether this be condensed particles or gas. Such conditions, it seems to me, should occur in the earlier rather than in the more advanced stages of condensation.
The subject is obscure, and we may go wrong in our mode of conceiving of the probable progress of events, but there can be no doubt
that in one remarkable instance the white-star spectrum is associated
with an early stage of condensation.
Sirius is one of the most conspicuous examples of one type of this
class of stars. Photometric observations combined with its ascertained
parallax show that this star emits from forty to sixty times the light
of our sun, even to the eye, which is insensible to ultra-violet light, in
which Sirius is very rich, while we learn from the motion of its companion that its mass is not much more than double that of our sun.
It follows that, unless we attribute to this star an improbably great
emissive power. it must be of immense size, and in a much more diffuse
and therefore an earlier condition than our sun; though probably at
a later stage than those white stars in which the hydrogen lines are
bright.
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A direct determination of the relative temperature of the photospheres of the stars might possibly be obtained in some cases from
the relative position of maximum radiation of their continuous spectra.
Langley has shown that through the whole range of temperature on
which we can experiment, and presumably at temperatures beyond, the
maximum of radiation power in solid bodies gradually shifts upwards
in the spectrum from the infra-red through the red and orange, and
that in the sun it has reached the blue.
The defined character, as a rule, of the stellar lines of absorption
suggests that the vapors producing them do not at the same time
exert any strong power of general absorption. Consequently, we
should probably not go far wrong, when the photosphere consists of
liquid or solid particles, if we could compare select parts of the continuous spectrum between the stronger lines, or where they are fewest.
It is obvious that, if extended portions of different stellar spectra
were compared, their true relation would be obscured by the lineabsorption.
The increase of temperature, as shown by 'the rise in the spectrum of
the maximum of radiation, may not always be accompanied by a corresponding greater brightness of a star as estimated by the eye, which
is an extremely imperfect photometric instrument. Not only is the eye
blind to large regions of radiation, but even for the small range of light
that we can see the visual effect varies enormously with its color. According to Prof. Langley, the same amount of energy which just enables
us to perceive light in the crimson at A would in the green produce a
visual effect 100,000 times greater. In the violet the proportional effect
would be 1,600, in the blue 62,000, in the yellow 28,000, in the orange
14,000, and in the red 1,200. Ca,pt . .Abney's recent experiments make the
sensitiveness of the eye for the green near F to be 750 times greater than
for the red about C. It is for this reason, at least in part, that I suggested
in 1864, and have since shown by direct observation, that the spectrum of
the nebula in Andromeda, and presumably of similar nebul::e, is in ap·
pearance only wanting in the red.
The stage at which the maximum radiation is in the green, corresponding to the eye's greatest sensitiveness, would be that in which it could
be most favorably measured by eye photometry. As the maximum rose
into the violet and beyond, the star would increase in visual brightness,
but not in proportion to the increase of energy radiated by it.
The brightness oflra star would be affected by the nature of the substance by which the light was chiefly emitted. In the laboratory solid
carbon exhibits the highest emissive power. A stellar stage in which
nadiation comes, to a large extent, from a photosphere of the solid particles of this substance would be favorable for great brilliancy. Though
the stars are built up of matter essentially similar to that of the sun, it
does not follow that the proportion of the different elements is everywhere the same. It may be that the substances condensed in the pho,
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tospheres of different stars may differ in their emissive powers, but probably not to a great extent .
.All the heavenly bodies are seen by us through the tinted medium of
our atmosphere. According to Langley the solar stage of stars is not
really yellow, but, even as gauged by our imperfect eyes, would appear
bluish-white if we col1ld free ourselves from the deceptive influences of'
our surroundings.
From these consiuerations it follows that we can scarcely infer the
evolutional stage8 of the stars from a simple comparison of their eye
magnitudes. We should expect the white 8tars to be, as a class, less
dense than the stars in the solar stage. As great mass might bring in
the solar type of spectrum at a relatively earlier time, some of the
brightest of these stars may be very massive, and brighter than the
sun-for example, the brilliant star Arcturus. For these reasons the
solar stars should not only be denser than the white stars, but perhaps, as a class, surpass them in mass and eye brightness.
It has been shown by Lane that, so long as a condensing gaseous
mass remains subject to the·laws of a purely gaseous body its temperature will continue to rise.
The greater or less breadth of the lines of absorption of hydrogen in
the white stars may be due to variations of the depth of the hydrogen
in the line of sight, arising from the causes which have been discussed.
At the sides of the lines the absorption and emission are feebler than
in the middle, and would come out more strongly with a greater thickness of gas.
The diver~ities among the white stars are nearly as numerous as the
individuals of the class. Time does not permit me to do more than
to record that, in addition to the three sub-classes into which they have
been divided by Vogel, Scheiner has recently investigated minor differences as suggested by the character of the third line of hydrogen near
G. He has pointed out, too, that so far as his observations go the
w bite stars in the constellation of Orion stand alone, with the exception
of Algol, in possessing a dark line in the blue which has apparently
the same position as a bright line in the great nebula of the same constellation; and Pickering finds in his photographs of the spectra of
these stars dark lines corresponding to the principal lines of the brightline stars, and the planetary nebulrn with the exception of the chief
nebular line. The association of white stars with nebular matter in
Orion, in the :Pleiades, in the region of the Milky Way, and in other
parts of the heavens, may be regarded as falling in with the view that
I have taken.
In the st~rs possibly farther removed from the white ciass than our
sun, belonging to the first division of Vogel's third class, which are
distinguished by absorption bands with their stronger edge toward
the blue, the hydrogen lines are narrower than in the solar spectrum.
In these stars the density gradient is probably still more rapid, the
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depth of hydrogen may be less, and possibly the hydrogen molecules
may be affected by a larger number of encounters with dissimilar molecules. In some red stars with dark hydro-carbon bands, the hydrogen
lines have not been certainly observed; if they are really absent it may
be because the temperature has fallen below the point at which hydrogen
can exert its characteristic absorption; besides, some hydrogen will
have united with the carbon. The coming in of the hydro-carbon bands
may indicate a later evolutional stage, but the temperature may still
be high, as acetylene can exist in the electric arc.
A number of small stars more or less similar to those which are
known by the names of their discoverers, Wolf and Rayet, have been
found by Pickering in his photographs. These are remarkable for several brilliant groups of bright lines, including frequently the hydrogen
lines and the line D 3, upon a continuous spectrum strong in blue and
violet rays, in which are also dark lines of absorption. As some of the
bright groups appear in his photographs to agree in position with corresponding bright lines in the planetary nebulm, Pickering suggests
that these stars should be placed in one class with them, but the brightest nebular line is absent from these stars. The simplest conception of
their nature would be that each star is surrounded by a nebula, the
bright groups being due to the gaseous matter outside the star. Mr.
Roberts however has not heen able to bring out any indication of
nebulosity by prolonged exposure. The remarkable star 'Y/ Argus may
belong to this class of the heavenly bodies.

Gaseous Nebulce.-In the nebulm the elder Herschel saw portions of
the fiery mist or" shining fluid" out of which the heavens and the earth
had been slowly fashioned. For a time this view of the nebulm gave
place to that which regarded them as external galaxies, cosmical "sand
heaps," too remote to be resolved into separate stars; though indeed, in
1858, Mr. Herbert Spencer showed that the observations of nebulm up
to that time were really in favor of an evolutional progress.
In 1864, I brought the spectroscope to bear upon them; the bright
lines which flashed upon the eye showed the source of the light to be
glowing gas, and so restored these bodies to what is probably their
true place, as an early stage of sidereal life.
At that early time our knowledge of stellar spectra was small. For
this reason partly, and probably also under the undue influence of theological opinions then widely prevalent, I unwisely wrote in my original paper in 1864, "that in these objects we no longer have to do with
a special modification of our own type of sun, but find ourselves in
presence of objects possessing a distinct and peculiar plan of structure."
Two years later, however, in a lecture before this Association, I took a
truer position. "Our views of the universe," I said, "are undergoing
important changes; let us wait for more facts, with minds unfettered
_by any dogmatic theory, and therefore free to receive the teaching,
whatever it may be, of new observations."
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Let us turn aside for a moment from the nebul~ in the sky to the
conclusions to which philosophers had been irresistibl~r led by a consideration of the features of the solar system. We have before us in
the sun and planets obviously not a haphazard aggregation of bodies,
but a system resting upon a multitude of relations pointing to a common physical cause. From these considerations Kant and Laplace
formulated the nebular hypothesis, resting it on gravitation alone, for
at that time the science of the conservation of energy was practically
unknown. These philosophers showed bow, on the supposition that
the space now occupied by the solar system was once filled by a vaporous mass, the formation of the sun and planets could be reasonably accounted for.
By a totally different method of reasoning, modern science traces
the solar system backward step by step to a simlar state of things at
the beginning. According to Helmholtz, the sun's heat is maintained
by the contraction of his mass, at the rate of about 220 feet a year.
Whether at the. present time the sun is getting hotter or colder we do
not certainly know. We can reason back to the time the sun was sufficiently expanded to fill the whole space occupied by the solar system,
and was reduced to a great glowing nebula. Though man's life, the
life of the race perhaps, is too short to give us direct evidence of any
distinct stages of so august a process, still the probability is great that
the nebular hypothesis, especially in the more precise form given to it
by Roche, does represent broadly, notwithstanding some difficulties,
the succession of events through which the sun and planets have passed.
The nebular hypothesis of Laplace requires a rotating mass of fluid
which at successive epochs became unstable from excess of motion, and
left behind rings, or more probably perhaps lumps, of matter from the
equatorial regions.
The difficulties to which I have referred have suggested to some
thinkers a different view of things, according to which it is not necessary to suppose that one part of the system gravitationally supports
another. The whole may consist of a congeries of discrete bodies even
if these bodies be the ultimate molecules of matter. The planets may
have been formed by the gradual accretion of such discrete bodies. On
the view that the material of the condensing solar system consisted of
separate particles or masses, we have no longer the fluid pressure
which is an essential part of Laplace's theory. Faye, in his theory of
evolution from meteorites, bas to throw over this fundamental idea of
the nebular hypothesis, and he formulates instead a different succession of events, in which the outer planets were formed last; a theory
which bas difficulties of its own.
Prof. George Darwin has recently shown, from an investigation of
the mechanical conditions of a swarm of meteorites, that on certain
assumptions a meteoric swarm might behave as a coarse gas, and in
this way bring back the fluid pressure exercised by one part of the
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system on the other~ which is required by Laplace's theory. One chief
assumption consists in supposing that such inelastic bodies as meteoric
stones might attain the effective elasticity of a high order which is
necessary to the theory through the sudden volatilization of a part of
their mass at an encounter, by which what is virtually a violent explosive is introduced between the two colliding stones. Prof. Darwin is
careful to point out that it mus(j necessarily be obscure as to how a
small mass of solid matter can take up a very large amount of energy
in a small fraction of a second .
. .1\ny direct indications from the heavens themselves, however slight,
are of so great value that I should, perhaps, in this connection call attention to a recent remarkable photograph, by Mr. Roberts, of the
great nebula in Andromeda. On this plate we seem to have presented
to us some stage of cosmical evolution on a gigantic scale. The photograph shows a sort of whirlpool disturbance of the luminous matter
which is distributed in a plane inclined to the line of sight, in which a
series of rings of bright matter separated by dark spaces, greatly foreshortened by perspective, surround a large, undefined central mass.
We are ignorant of the parallax of this nebula, but there can be little
doubt that we are looking upon a system very remote, and therefore of
a magnitude great beyond our power of adequate comprehension. The
matter ofthis nebula, in whatever state it may be, appears to be distributed, as in so many other nebul::e, in rings or spiral streams, and to
suggest a stage in a succession of evolutional events not inconsistent
with that which the nebular hypothesis requires. To liken this object
more directly to any particular stage iu the formation of the solar system would be" to compare things great with small," and might be indeed to introduce a false analogy; but, on the other hand, we should
err through an excess of caution if we did not accept the remarkable
features brought to light by this photograph as a presumptive indication of a progress of events in cosmical history following broadly upon
the lines of Laplace's theory.
The old view ofthe original matter of the nebul::e, that it consisted
of a ":fiery mist,"
a tumultuous cloud
Instinct with fire and niter.

fell at once with the rise of the science of thermodynamics. In 1854
Helmholtz showed that the supposition of an original fiery condition
of the nebulous stuff was unnecessary, since in the mutual gravitation
of widely separated matter we have a store of potential energy sufficient to generate the high temperature of the sun and stars. We can
scarcely go wrong in attributing the light of the nebul::e to the conversion of the gravitational energy of shrinkage into molecular motion.
The idea that the light of comets and ofnebul::e may be dne to a succession of ignited flashes of gas from the encounters of meteoric stones
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was suggested by Prof. Tait, and was brought to the notice of this Association in 1871 by Sir William Thomson in his presidential address.
The spectrum of the bright-line nebul:B iR certainly not such a spectrum as we should expect from the flashing by collisions of meteorites
similar to those which have been analyzed in our laboratories. The
strongest lines of the substances which in the case of such meteorites
would first show themselves, iron, sodium, magnesium, nickel, etc., are
not those which distinguish the nebular spectrum. On the contrary,
this spectrum is chiefly remarkable for a few brilliant lines, very narrow and defined, upon a background of a faint continuous spectrum,
which contains numerous bright lines, and probably some lines of absorption.
The two most conspicuous lines have not been interpreted; for
though the second line falls near, it is not coincident with a stroug
double line of iron. It is hardly necessary to say that though the near
position of t,h e ln'ightest line to the bright double line of nitrogen, as
seen in a small ~pectroscope in 1864, naturally suggested at that early
time the possibility of the presence of this element in the nebulm, I
have been careful to point out, to prevent misapprehension, that in
more recent years the nitrogen liue and subsequently a lead line have
been employed by me solely as fiducial points of reference in the spectrum.
The third line we know to be the second line of the :first spectrum of
hydrogen. l\1r. Keeler has seen the :first hydrogen line in the red, and
photographs show that this hydrogen spectrum is probably present in
its complete form, or nearly so, as we :first learnt to know it in the absorption spectrum of the white stars.
We are not surprised to find associated with it the line D 3, near the
position of the absent sodium lines, probably due to the atom of some
unknown gas, which in the sun can only show itself in the outbursts
of highest temperature, and for this reason does not reveal itself by
absorption in the solar spectrum.
It is not unreasonable to assume that the two brightest lines, which
are of the same order, are produced by substances of a similar nature,
in which a vibratory motion corresponding to a very high temperature
is also necessary. These substances, as well as that represented by
the line D3, may be possibly some of the unknown elements which are
wanting in our terrestrial chemistry between hydrogen and lithium,
unless indeed D:1 be on the lighter side ·of hydrogen.
In the laboratory we must have reoourse to the e1ectric ·discharge to
bring out the spectrum of hydrogen; but in a vacuum tube, though
the radiation may be great, from the relative fewness of the luminous
atoms or molecules or from some other cause, the temperature of -the
gas as a whole may be low.
On account of the large extent of the nebulm, a comparatively smal
number of luminous molecules or atoms would probably be sufficient
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to make the nebulm as bright as they appear to us. On such an
assumption the average temperature may be low, but the individual
particles, which by their encounters are luminous, must have motions
corresponding to a very high temperature, and in this sense be
extremely bot.
In such diffuse masses, from the great mean length of free path, the
encounters would be rare but correspondingly violent, and tend to bring
about vibrations of comparatively short period, as appears to be the
case if we may judge by the great relative brightness of the more refrangible lines of the nebular spectrum.
Such a view may, perhaps, reconcile the high temperature, which the
nebular spectrum undoubtedly suggests, with the much lower mean
temperature of the gaseous mass which we should expect at so early a
stage of condensation, unless we assume a very enormous mass, or that
the matter coming together had previously considerable motion or considerable molecular agitation.
The inquisitiveness of the human mind does not allow us t~ remain
content with the interpretation of the present state of the cosmical
masses, lmt suggests the questionWhat see'st thou else
In the clark l>ackwarcl ancl abysm of time~

What was the original state of things~ how has it come about that by
the side of aging worlds we have nebulm in a relatively younger stage~
Have any of them received their birth from clark suns, which have collided into new life, and so belong to a second or later generation of the
heavenly bodies~
During the short historic period, indeed, there is no record of such an
event; still it would seem to be only through the collision of clark suns,
of which the number must be increasing, that a temporary rejuvenescence of the heavens is possible, and by such ebbings and flo wings
of stellar life that the inevitable end to which evolution in its apparently uncompensated progress is carrying us can, even for a little, be
delayed.
We can not refuse to admit as possible such an origin for nebulm.
In considering, however, the formation of the existing nebulm we
must bear in mind that, in the part of the heavens within our ken, the
stars still in the early and middle stages of evolution exceed greatly in
number those which appear to be in an advanced condition of condensation. Indeed, we find some stars which may be regarded as not far
advanced beyond the nebular condition.
It may be that the cosmical bodies which are still nebulous owe their
later development to some conditions of the part of space where they
occur, such as, conceivably, a greater original homogeneity, in consequence of which condensation began less early. In other parts of space
condensation may have been still further delayed, or even have not yet
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begun. It is worthy of remark that these nebulm group themselves
about the Milky Way, where we find a preponderance of the white-star
type of stars, and almost exclusively the bright-line stars which Pickering associates with the planetary nebulm. Further, Dr. Gill concludes, from the rapidity with which they impress themselves upon the
plate, that the fainter stars of the Milky Way also, to a large extent,
belong to this early type of stars. At the same time other types of
stars occur also over this region, and the reel hydrocarbon stars are
found in certain parts; but possibly these stars may be before or behind
the Milky Way, and not physically connected with it.
If light matter be suggested by the spectrum of these nebulm, it
may be asked further, as a pure speculation, whether in them we are
witnessing possibly a later condensation of the light matter which had
been left behind, at least in a relatively greater proportion, after the
first growth of worlds into which the heavier matter condensed, though
not without some entanglement of the lighter substances. The wide
extent and great diffuseness of this bright-line nebulosity over a large
part of the constellation of Orion may be regarded perhaps as pointing in this direction. The diffuse nebulous matter streaming round the
Pleiades may possibly be another instance, though the character of its
spectrum has not yet been ascertained.
In the planetary nebulm, as a rule, there is a sensible increase of the
faint continuous spectrum, as well as a slight thick~ing of the bright
lines toward the center of the nebula, appearances which are in favor
of the view that these bodies are condensing gaseous masses.
Prof. G. Darwin, in his investigation of the equilibrium of a rotating
mass of fluid, found, in accordance with the independent researches of
Poincare, that when a portion of the central body becomes detached
through increasing angular velocity, the portion should bear a far larger
ratio to the remainder than is observed in the planets and satellites of
the solar system, even taking into account heterogeneity from the condensation of the parent mass.
Now this state of things, in which the masses though not equal are
of the same order, does seem to prevail in many nebulm, and to have
given birth to a large class of binary stars. Mr. See has recently investigated the evolution of bodies of this class, and points out their
radical differences from the solar system in the relatively large massratios of the component bodies, as well as in the high eccentricities of
their orbitR, brought about by tidal friction, which would play a more
_important part in the evolution of such systems.
Considering the large number of these bodies, he suggests that the
:solar system should perhaps no longer be regarded as representing
.celestial evolution in its normal formA goodly Paterne to whose perfect mould
He fashioned them - - - ~but

rather as modified by conditions which .are exceptional.

CELESTIAL SPECTROSCOPY.

91

It may well be that in the very early stages condensing masses are
subject to very different conditions, and that condensation may not always begin at one or two centers, but sometimes set in at a large number of points, and proceed in the d ifl:'erent cases along very different
lines of evolution.

Invisible Motions revealed by the Spectroscope.-Besides its more direct
use in the chemical analysis of the heavenly bodies, the spectroscope
has given to us a great and unexpected power of advance along the
lines of the older astronomy. In the future a higher value may indeed
be placed upon this indirect use of the spectroscope than upon its
chemical revelations.
By no direct astronomical methods could motions of approach or of
recession of the stars be even detected, much less could they be measured. .A. body coming directly toward us or going directly from us appears to stand still. In the case of the stars we can receive no assistance from change of size or of brightness. The stars show no true
disJrs in our instruments, and the nearest of them is so far off that if it
were approaching us at the rate of a hundred miles in a second of time,
a whole century of such rapid approach would not do more than increase
its brightness by the one-fortieth part.
Still it was only too clear that so long as we were unable to ascertain directly those components of the stars' motions which lie in the
line of sight, the speed and direction of the solar motion in space, and
many of the great problems of the constitution of the heavens, must
remain more or less imperfectly known. Now the spectroscope has
placed in our hands this power, which, though so essential, appear-ed
almost in the nature of things to lie forever beyond our grasp; it
enables us to measure directly, and under favorable circumstances to
within a mile per second, or even less, the speed of approach or of recession of a heavenly body. This method of observation has the great
advantage for the astronomer of being independent of the distance of
the moving body, and is therefore as applicable and as certain in the
case of a body on the extreme confines of the visible universe (so long
as it is bright enough), as in the case of a neighboring planet.
Doppler had suggested as far back as 1841, that the same principle
on which he had shown that a sound should become sharper or flatter
if there were an approach or a recession between the ear and the source
of the sound, would apply equally to light; and he went on to say that
the difference of color of some of the binary stars might be produced
in this way by their motions. Doppler was right in that the principle
is true in the case of light, but he was wrong in the particular conclusion which he drew from it. Even if we suppose a star to be moving with a sufficiently enormous velocity to alter sensibly its color to
the eye, no such change would actually be' seen, for the reason that
the store of invisible light beyond both limits of the visible spectrum,
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the blue and the red, would be drawn upon, and light-waves invisible
to us would be exalted or degraded so as to take the place of those
raised or lowered in the visible region, and the color of the star would
remain unchanged. About eight years later, Fizeau pointed out the
importance of considering the individual wave-lengths of which white
light is composed. .As soon however as we had learned to recognize
the lines of known substances in the spectra of the heavenly bodies,
Doppler's principle became applicable as the basis of a new and most
fruitful method of investigation. The measurement of the small shift
of the celestial lines from their true positions, as shown by the same
lines in the spectrum of a terrestrial substance, gives to us the means
of ascertaining directly in miles per second the speed of approach or
of recessimi of the heavenly body from which the light has come.
An account of the first application of this method of research to the
stars, which was made in my observatory in 1868, was given by Sir
Gabriel Stokes from this chair at the meeting· at Exeter in 1869. The
stellar motions determined by me were shortly after confirmed by Prof.
Vogel in the case of Sirius, and in the case of other stars by Mr.
Christie, now astronomer-royal, at Greenwich; but, necessarily, in
consequence of the inadequacy of the instruments then in use for so
delicate an inquiry, the amounts of these motions were but approximate.
The method was shortly afterwards taken up systematically at Greenwich and at the Rugby Observatory. It IS to be greatly regretted that,
for some reasons, the results have not been sufficiently accordant and
accurate for a research of such exceptional delicacy. On this account
probably, as well as that the spectroscope at that early time had
scarcely become a familiar instrument in the observatory, astronomers
were slow in availing themselves of this new and remarkable power of
investigation. That this comparative neglect of so truly wonderful a
method of ascertaining what was otherwise outside our powers of observation has greatly retarded the progress of astronomy during the
last fifteen years, is but too clearly shown by the brilliant results which
within the last couple of years h~ve followed fast upon the recent masterly application of this method by photography at Potsdam, and by
eye with the needful accuracy at the Lick Observatory. At last this
use of the spectroscope has taken its true place as one of the most
potent methods of astronomical research. It gives us the motions of
approach and of recession, not in ahgular measures, which depend for
their translation into actual velocities upon separate determinations of
parallactic displacements, but at once in terrestrial units of distance.
This method of work will doubtless be very prominent in the astronomy of the near future, and to itprobably we shall have to look for the
more important discoveries in sideral astronomy which will be made
during the coming century.
In his recent application of photography to this method of determining celestial motions, Prof. Vogel, assisted by Dr. Scheiner, consider-

CELESTIAL SPECTROSCOPY.

93

ing the importance of obtaining the spectrum of as many stars as possible on an extended scale without an exposure inconveniently long,
wisely determined to limit the part of the spectrum on the plate to the
region for which the ordinary silver-bromide gelatine plates are most
sensitive,-namely, to a small distance on each side of G,-and to employ as the line of comparison the hydrogen line near G, and recently
also certain lines of iron. The most minute and complete mechanieal
arrangements were provided for the Jmrpose of securing the absolute
rigidity of the comparison spectrum relatively to that of the star, and
for permitting temperature adjustments apd other necessary ones to be
made.
The perfection of these spectra is shown by the large number of lines,
no fewer that two hundred and fifty in the case of Capella, within the
small region of the spectrum on the plate. Already the motions of
about fifty stars have been measured with an accuracy, in the case of
the larger number of them, of about an English mile per second.
At the Lick Observatory it has been shown that observations can be
made directly by eye with an accuracy equally great. Mr. Keeler's
brilliant success has followed in great measure from the use of the third
and fourth spectra of a grating 14,438 lines to the inch. The marvellous accuracy attainable in his hands on a suitable star is shown by
observations on three nights of the star Arcturus, the largest divergence of his measures being not greater than six-tenths of a mile per
second, while the mean of the three nights' work agreed with the mean
of five photographic determinations of the same star at Potsdam to
within one-tenth of an English mile. These are determinations of the
motions of a sun so stupendously remote that even the method of
parallax practically fails to fathom the depth of intervening space, and
by means of light-waves which have been, according to Elkin's nominal
parallax, nearly two hundred years upon their journey.
·
Mr. Keeler, with his magnificent means, has accomplished a task
which I attempted in vain in 1874, with the comparatively poor appliances at my disposal, of measuring the motions in the line of sight of some
of the planetary nebul::£. As the stars have considerable motions in
space, it was to be expected that nebul::£ should possess similar motions,
for the stellar motions must have belonged to the nebul::£ out of which
they have been evolved. My instrumental means, limiting my power
of detection to motions greater than 25 miles per second, were insufficient. Mr. Keeler has found iu the examination of ten nebul::£ motions
varying from 2 miles to 27 miles, with one exceptional motion of nearly
40 miles.
For the nebula of Orion, Mr. Keeler finds a motion of recession of
about 10 miles a second. Now, this motion agrees closely with what it
should appear to have from the drift of the solar system itself, so far
as it has been possible at present to ascertain the probable velocity of
the sun in space. This grand nebula, of vast extent and of extreme
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tenuity, is pobably more nearly at rest relatively to the stars of our
system than any other celestial object we know; still it would seem
more likely that even here we have some motion, small though it may
be, than that the motions of the matter of which it is formed were so
absolutely balanced as to leave this nebula in the unique position of
absolute immobility in the midst of whirling and drifting suns and systems of suns.
The spectroscopic method of determining celestial motions in the line
of sight has recently become fruitful in a new but not altogether unforeseen direction, for it has, so to speak, given us a separating power far
beyond that of any telescope the glassmaker and the optician could
construct, and so enabled us to penetrate into mysteries hidden in stars
apparently single, and altogether unsuspected of being binary systems.
The spectroscope has not simply added to the list of the known binary
stars, but has given to us for the first time a knowledge of a new class
of stellar systems, in which the components are in some cases of nearly
equal magnitude, and in close proximity, and are revolving with velocL
ties greatly exceeding the planetary velocities of our system.
The Kline in the photographs of Mizar, taken at the Harvard College Observatory, was found to be double at intervals of fifty-two days.
The spectrum wa8 therefore not due to a single source of light, but to
the combined effect of two stars moving periodically in opposite directions in the line of sight. It is obvious that if two stars revolve round
their common centre of gravity in a plane not perpendicular to the line
of sight, all the lines in a spectrum common to the two stars will appear
alternately single or double.
In the case of Mizar and the other stars to be mentioned, the spectroscopic observations are not as yet extended enough to furnish more
than an approximate determination of the elements of their orbits.
Mizar especially, on account of its relatively long period-about
one hundred and five days-needs further observations. The two stars
are moving each with a velocity of about 50 miles a second, probably in
elliptical orbits, and are about 143,000,000 miles apart. The stars, of
about equal brightness, have together a mass about forty times as great
as that of our sun.
A similar doubling of the lines showed itself in the Harvard photographs of fJ Auriglli at the remarkably close interval of almost exactly
two days, indicating a period of revolution of about four days. According to Vogel's later observations, each star has a velocity ofnearly 70
miles a .second, the distance between the stars being little more than
7,500,000 miles, and the mass of the system 4.7 times that of the sun.
The system is approaching us at the speed of about 16 miles a second.
The telescope could never have revealed to us double stars of this
order. In the case of fJ Auriglli, combining Vogel's distance with
Pritchard's recent determination of the star's parallax, the greatest
angular separation of the stars as seen from the earth would be one
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two-hundredth part of a second of arc, and therefore very far too small
for the highest powers of the largest telescopes. If we take the relation of aperture to separating power usually accepted, an object glass
of about 80 feet in diameter would be needed to resolve this binary star.
The spectroscope, which takes no note of distance, magnifies, so to
speak, this minute angular separation 4,000 times; in other words, the
doubling of the lines, which is the phenomenon that we have to observe,
amounts to the easily measurable quantity of 20 seconds of arc.
There were known, indeed, variable stars of short period, which it
bad been suggested might be explained on the hypothesis of a dark
body revolving about a bright sun in a few days, but this theory was
met by the objection that no such systems of closely revolving suns
were known to exist.
The Harvard photographs of which we have been speaking were
taken with a slitless form of spectroscope, the prisms being placed, as
originally by Fraunhofer, before the object glass of the telescope. This
method, though it possesses some advantages, has the serious drawback of not permitting a direct comparison of the star's spectrum with
terrestrial spectra. It is obviously unsuited to a variable star like
Algol, where one star only is bright, for in such a case there would be
no doubling of the lines, but only a small shift to and fro of the lines
of the bright star as it moved in its orbit alternately toward and from
our system, which would need for its detection the fiducial positions of
terrestrial lines compared directly with them.
For such observations the Potsdam spectograph was well adapted.
Prof. Vogel found that the bright star of Algol did pulsate backwards
and forwards in the visual direction in a period corresponding to the
known variation of its light. The explanation which had been suggested for the star's variability, that it was partially eclipsed at regular intervals of 68.8 hours by a dark companion large enough to cut off
nearly five-sixths of its light, was therefore the true one. The dark
companion, no longer able to hide itself by its obscureness, was brought
out into the light of direct observations by means of its gravitational
effects.
Seventeen hours before minimum, Algol is receding at the rate of
about 241 miles a second, while seventeen hours after minimum it is
' found to be approaching with a speed of about 281 miles. From these
data, together with those of the variation of its light, Vogel found, on
the assumption that both stars have the same density, that the companion, nearly as large as the sun, but with about one-fourth his mass,
revolves with a velocity of about 55 miles a second. The bright star,
of about twice the size and mass, moves about the common center of
gravity with the speed of about 26 miles a second. The system of the
two stars, which are about 3,250,000 of miles apart, considered as a
whole, is approaching us with a velocity of 2.4 miles a second. The
great difference in luminosity of the two stars, not less than fifty times,
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suggests rather that they are in different stages of condensation, and
dissimilar in density.
...
It is obvious that if the orbit of a star with an obscure companion is
inclined to the line of sight, the companion will pass above or below
the bright star, and produce no variation of its light. Such systems
may be numerous in the heavens. In Vogel's photographs, Spica, which
is not variable, by a small shifting of its lines reveals a backward and
forward periodical pulsation due to orbital motion. As the pair whirl
round their common center of gravity, the bright star is sometimes advancing~ at others receding. They revolve in about four days, each
star moving with a velocity of about 56 miles a second in an orbit probably nearly circular, and possess a combined mass of rather more than
two and a half times that of the sun. Taking the most probable value
for the star's parallax, the greatest angular separation of the stars
would be far too small to be detected with the most powerful telescopes.
If in a close double star the fainter companion is of the white-star
type, while the bright star is solar in character, the composite spectrum
would be solar with the hydrogen lines unusually strong. Such a spectrum would in itself afford some probability of a double origin, and
suggest the existence of a companion star.
In the case of a true binary star the orbital motions of the pair would
reveal themselves in a small periodical swaying of the hydrogen lines
relatively to the solar ones.
Prof. Pickering considers that his photographs show ten stars with
composite spectra; of these, five are known to be double. The others
are: r Persei, ( Aurig::e, o Sagittarii, 31 Ceti, and f3 Capricorni. Perhaps f3 Lyrm should be added to this list.
In his recent classical work on the rotation of the sun, Duner bas not
only determined the solar rotation for the equator but for different parallels of latitude up to 75°. The close accordance of his results shows
that these observations are sufficiently accurate to be discussed with
the variation of the solar rotation for different latitudes which had
been determined by the older astronomical methods from the observations of the solar spots.

Spectroscopic Photography.-Though I have already spoken incidentally of the invaluable aid which is furnished by photography in
some of the applications of the spectroscope to the heavenly bodies,
the new power which modern photography has put into the hands of
the astronomer is so great, and has led already, within the last few
years, to new acquisitions of knowledge of such vast importance, that
it is fitting that a few sentences should be specially devoted to this
subject.
Photography is no new discovery, being about half a century old; it
may excite surprise, and indeed possibly suggest some apathy on the
part of astronomers, though the suggestion of the application of photography to the heavenly bodies d~tes from the memQrable occasiou
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when, in 1839, .Arago, announcing to the Academiede Sciences the great
discovery of Niepce and Daguerre, spoke of the possibility of taking
pictures of the sun and moon by the new process, yet that it is only
within a few years that notable advances in astronomical methods and
discovery have been made by its aid.
The explanation is to be found in the comparative unsuitability of
the earlier photographic methods for use in the observatory. In justice to the earlier workers in astronomical photography, among whom
Bond, De laRue, J. W. Draper, Rutherfurd, Gould, hold a foremost
place, it is needful to state clearly that the recent great successes in
astronomical photography are not due to greater skill, Ror, to any great
extent, to superior instruments, but to the very great advantages which
the modern gelatin dry plate possesses for use in the observatory over
the methods of Daguerre, and even over the wet collodion ·film on glass, .
• which, though a great advance on the silver plate, went but a little
way towards putting into tbe hands of the astronomer a photograhic
surface adapted fully to his wants.
The modern silver-bromide gelatine plate, except for its grained texture, meets the needs of the astronomer at all points. It possesses extreme
sensitiveness; it is always ready for use; it can be placed in any position; it can be exposed for hours; lastly, it does not need immediate
development, and for this reason can be exposed again to the same
object on succeeding nights, so as to make up by several insta1lments,
as the weather may permit, the total time of eYposure which is deemed
necessary.
Without the assistance of photography, however greatly the resources
of genius might overcome the optical and mechanical difficulties of
constructing large telescopes, the astronomer would have to depend in
the last resource upon his eye. Now we can not by the force of continued looking bring into view an object too feebly luminous to be seen
at the first and keenest moment of vision. But the feeblest Iig]ft
which falls upon the plate is not lost, but is taken in and stored up
continuously. Each hour the plate gathers u_p 3,600 times the lightenergy which it received during the first second. It is by this pmver
of accumulation that the photographic plate may be said to increase,
almost without limit, though not in separating power, the optical
means at the disposal of the astronomer for the discovery or the observation of faint objects.
Two principal directions may be pointed out in which photography
is of great service to the astronomer. It enables him within the comparatively short time of a single exposure to secure permanently with
great exactness the relative positions of hundreds or even of thousands
· of stars, or the minute features of nebulrn or other objects, or the phenomena of a passing eclipse, a task which by means of the eye and
band could only be accomplished, if done at all, after a very great expenditure of time and labor. Photography puts it in the power of the
H. Mis. 334, pt. 1--7
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astronomer to accomplish in the short span of his own life, and so
enter into their fruition, great works which otherwise must have been
passed on by him as a heritage of labor to succeeding generations.
The second great service which photography renders is not simply
an aiel to the ·powers the astronomer already possesses. On the contrary, the plate, by recording light-waves which are both too small
and too large to excite vision in the eye, brings him into a new region
of knowledge, such as the infra-red and the ultra-violet parts of the
spectrum, which must have remained forever unknown but-for artificial
help.
The present year will be memorable in astronomical history for the
practical beginning of the Photographic Chart and Catalogue of the
Heavens, which took their origin in an international conference which
met in Paris in 1887, by the invitation of M.l' Amiral Mouchez, director
of the Paris Observatory.
The richness in stars down to the ninth magnitude of the photographs of the comet of 1882 taken at the Cape Observatory under the
superintendence of Dr. Gill, and the remarkable star charts of the
Brothers Henry which followed two years later, astonished the astronomical world. The great excellence of these photographs, which was
due mainly to the superiority of the gelatine plate, suggested to these
astronomers a complete map of the sky, and a little later gave birth
in the minds of the Paris astronomers to the grand enterprise of an
International Chart of the Heavens. The actual beginning of the
work this year is in no small degree due to the great energy and tact
with which the director of the Paris _Observatory has conducted the
initial steps, through the many delicate and difficult questions which
have unavoidably presented themselves in an undertaking which depends upon the harmonious working in common of many nationalities,
and of no fewer than eighteen observatories in all parts of the world.
Tpe three years since 1887 have not been too long for the detailed organization of this work, which has called for several elaborate preliminary investigations on .special points in which our knowledge was in·sufficient, and which have been ably carried out by Profs. Vogel and
Bakhuyzen, Dr. Trepied, Dr. Scheiner, Dr. Gill, the astronomer-royal,
and others. Time also was required for the construction of the new
and special instruments.
The decisions of the conference in their final form provide for the.
construction of a great photographic chart of the heavens with expoSlues corresponding to forty minutes' exposure at Paris, which it is
expvcted will reach down to stars of about the fourteenth magnitude.
.As each plate is to be limited to 4 square degrees, and as each star, to
avoid possible errors, is to appear on two plates, over 22,000 photographs will be required. For the more accurate determination of the
positions of the stars, a reseau with lines at distances of 5 millimeters
apart is to be previously impressed by a faint light upon the plate, S(}
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that the image of the reseau will appear together with the images of
the stars when the plate is developed. This great work will be divided
according to their latitudes among eighteen observatories provided
with similar instruments, though not necessarily constructed by the
same maker. Those in the British dominions and at Tacubaya have
been constructed by Sir Howard Grubb.
Besides the plates to form the great chart, a second set of plates for
a catalogue is to be taken with a shorter exposure, which will give
stars to the eleventh magnitude only. These plates, by a recent decision of the permanent committee, are to be pushed on as accurately
as possible, though as far as may be practicable plates for the chart
are to be taken concurrently. Photographing the plates for the catalogue is but the first step in this work, and only supplies the data for
the elaborate measurements which have to be made, which are bowever less laborious than would be required for a similar catalogue without the aid of photography.
Already Dr. Gill has nearly brought to conclusion, with the assistance of Prof. Kapteyn, a preliminary photograhic survey of the southern heavens.
Witll an exposure sufficiently long for the faintest stars to impress
themselves upon the plate, the accumulating action still goes on for
the brighter stars, producing a great enlargement of their images from
optical and photographic causes. The question llas occupied the attention of many astronomers, whether it is possible to find a law connecting the diameters of these more or less over-exposed images with tile
relative brightness of the stars themselves. The answer will come out
undoubted in the affirmative, though at present the empirical formulc:e
which have been suggested for this purpose differ from each other.
Capt. Abney proposes to measure the total photographic action, including density as well as size, by the obstruction which the stellar
image offers to light.
A further question follows as to the relation which the photographic
magnitudes of stars bear to those determined 'by eye. Visual magnitudes are the physiological expression of the eye's integration of that
part of the star's light which extends from the red to the blue. Photographic magnitudes represent the plate's integration of another part of
the star's light, namely, from a little below where the power of the eye
leaves off in the blue to where the light is cut off by the glass, or is
greatly reduced by want of prOJ)er corrections when a refracting telescope is used. It is obvious tllat the two records are taken by different
methods in dissimilar units of different parts of the star's light. In the
case of certain colored stars the photographic brightness is very different from the visual brightness; but in all stars, changes, especially of
a temporary character, may occur in the photographic or the visual
region, unaccompanied by a similar change in the other part of the
spectrum. For these reasons it would seem desirable that the two sets
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of magnitudes should be tabulated independently, and be regardP-d as
supplementary of each other.
The determination of the distances of the :fixed stars from the small
apparent shift of their positions, when viewed from widely separated
positions of the earth in its orbit, is one of the most refined operations
of the observatory. The great precision with which this minute angular quantity-a fraction of a second only-has to be measured, is so
delicate an operation with the ordinary micrometer, though, indeed, it
was with this instrument that the classical observations of Sir Robert
Ball were made, that a special instrument, i:o. which the measures are
made by moving the two halves of a divided object glass, known as a
heliometer, has been pressed into this service, and quite recently, in
the skillful hands of Dr. Gill and Dr. Elkin, has largely increased our
knowledge in this direction.
It is obvious that photography might be here of great service, if we
could rely upon measurements of photographs of the same stars taken
at suitable intervals of time. Prof. Pritchard, to whom is due the
honor of having opened this new path, aided by his assistants, has
proved by elaborate investigations that measures for parallax may be
safely made upon photographic plates, with, of course, the a<lvantages
of leisure and repetition; and he has already by this method determined
the parallax for twenty-one stars with an accuracy not inferior to that
of values previously obtained by purely astronomical methods.
The remarkable successes of astronomical photography, which depend upon the plate's power of accumulation of a very feeble light acting eontinuously through an exposure of several hours, are worthy to be
regarded as a new revelation. The :first chapter opened when, in 1880,
Dr. Henry Draper obtained a picture of the nebula of Orion; but a
more important advance was made in 1883, when Dr. Common, by his
photographs, brought to our knowledge details and extensions of this
nebula, hitherto unknown. A further disclosure took place in 1885,
when the brothers Henry showed for the first time in great detail the
spiral nebulosity issuing from the bright Rtar Maia of the Pleiades, and
shortly afterwards nebulous streams about the other stars of this group.
In 1886 Mr. Roberts, by means of a photograph to which three hours'
exposure had been given, showed the whole background of this group
to be nebulous. In the following year Mr. Roberts more than doubled
for us the great extension of the nebular region which surrounds the
trapezium in the constellation of Orion. By his photographs of the
great nebula in Andromeda he has shown the true significance of the
dark canals which had been seen by the eye. They are in reality
spaces between successive rings of bright matter, which appeared
nearly straight owing to the inclination in which they lie relatively· to
us. These bright rings surround an undefined central luminous mass.
I have already spoken of this photograph.
Some recent photographs by Mr~ R1~s.sell slww that the great rift in

CELE~'l'IAL

SPEC1'ROSCOPY.

101

the Milky Way in Argus, which to the eye is void of stars, is in reality
uniformily covered with them. Also, quite recently, Mr. George Hale
has photographed the prominences by means of a grating, making use
of the lines Hand K.
Stellar distr·ib,u tions.-The heavens are richly but very irregularly
in wrought with stars 1 the brighter stars cluster into well-known groups
upon a background formed of an ~nlacement of streams and convoluted
windings and intertwined spirals of fainter stars, which becomes richer
and more intricate iu the irregular rifted zone of the Milky Way.
We, who form part of the emblazonry, can only see the design distorted aud confused; here crowded, there scattered, at another place
superposed. The groupings due to our positio~ are mixed up with
those which are real.
Can we suppose that each luminous point has no relation to the others
near H than the accidental neighborship of grainR of sand upon the
shore, or of particles of the wind-blown dust of the desert~ Surely
every star, from Sirius and Vega down to each grain of the light dust
of the Milky Way, has its present place in the heavenly pattern from
the slow evolving of its past. We see a system of systems, for the
broad features of clusters and streamFl and spiral windings which mark
the general design are re-produced in every part. Thewhole is in motion,
each point shifting its position by miles every second, though from the
august magnitude of their distances from us and from each other, it is
only by the accumulated movements of years or of generations that
some small changes of relative position reveal themselves.
The deciphering of this wonderfully intricate eonstitutiou of the
heavens will be undoubtedly one of the chief astronomical works of
the coming century. The primary task of the sun's motion in space,
together with t.he motions of the brighter stars, has been already put
well within our reach by the spectroscopic method of the measurement
of star motions in the line of sight.
From other directions information is accumulating; from photographs of clusters and parts of the Milky Way, by Roberts, in this
COlmtry, Barnard, at the Lick Observatory, and Russell, at Sydney;
from tbe counting of stars, and the detection of their configurations
by Holden and by Backhouse; from the mapping of the Milky Way by
eye, at Parsonstown; from photographs of the spectra of stars, by Pickeriug at Harvard a11d in Peru, and from the exact portraiture of the
heavens in the great international star chart which begins this year.
I have but touched some only of the problems of the newer side of
astronomy. There are many others which would claim our attention if
time permitted. The researches of the Earl of Rosse on lunar radiati<J:tl, and the work on the same subject and on the sun, by Langley.
Observations of lunar heat with an instrument of his own invention

102

CELESTIAL SPECTROSCOPY.

by Mr. Boys; and observations of the variation of the moon's heat
with its phase by Mr. Frank Very. The discovery of the ultra.violet
part of tbe hydrogen spectrum, not in the laboratory, but from the
stars. The confirmation of this spectrum by terrestrial hydrogen in
part by H. W. Vogel, and in its all but complete form by Cornu, who
f01md similar series in the ultra-violet spectra of aluminium and thallium. The discovery of a simple formula for the hydrogen series by
Balmer. The important question aR.to the numerical spectral relationship of different substances, especially in connection with their chemical properties; and the further question as to the origin of the harmonic and other relations between the lines and the groupings of lines
of spectra; on these points contributions during the past year have
been made by Rudo1f v. Kovesligethy, Ames, Hartley, Deslandres,
Rydberg, Grunwald, Kayser and Runge, Johnstone Stoney, and others.
The remarkable employment of interference phenomena by Prof. Michelson for the determination of the size, and distribution of light within
them, of the images of objects which when viewed in a telescope subtend an angle less than that subtended by the light wave at a distance
equal to the diameter of the objective. A method applicable not alone
to celestial objects, but also to spectral lines, and other questions of
molecular physics.
Along the older lines there has not been less activity; by newer
methods, by the aid of larger or more accurately constructed instruments, by greater refinement of analysis, knowledge has been increased,
especially in precision and minute exactness.
Astronomy, the oldest of the sciences, has more than renewed her
youth. At no time in the past has she been so bright with unbounded
aspirations and hopes. Never were her temples so numerous nor the
crowd of her votaries so great. The British Astronomical Association
formed within the year numbers already about 600 members. Happy
is the lot of those who are still on the eastern side of life's meridian.
Already, alas! the original founders of the newer methods are falling
out-Kirchhoff, Angstrom, D'Arrest, Secchi, Draper, Becquerel; but
their places are more than filled; the pace of the race is gaining, but
the goal is not and never will be in sight.
Since the time of Newton our knowledge of the phenomena of nature
has wonderfully increased, but man asks, perhaps . more earnestly now
than in his days, . What is the ultimate reality behind the reality of the
perceptions~ Are they only the pebbles of the beach with which we
have been playing? Does not the ocean of ultimate reality and truth
lie beyond~

STELLAR NUJVIBERS AND

DISTANCES~

BY MEANS OF PHOTOGRAPHIC STAR GAUGING. "

By AGNES :M.

CLJ~RKE,

The mere equal-surface counting of the stars visible with the same
inRtrument in different sections of the sky gives results open to mis-in·
terpretation. .Admirable in itself, the method. fails because it encounters what we may call '' systematic errors'' in the distribution of the
stars. vVith incidental apomalies it is fully competent to deal; tbey
should, on a large average, be mutually compensatory; but it breaks
down before the clustering tendency which pervades, more or less markedly, the entire sidereal system. Not only are certain parts of space
more crowded than others, but the crowded park are related according
to an obvious plan. They do not occur casually. Their effect is then
heightened, instead of being eliminated, by multiplied observations.
The present resources of science, however, seem to offer the means of
discriminating, to some extent, between real crowding and the simple
extent of star-strewn space. Although the total number of the stars visible in each case with the same telescope might be precisely the same,
their relative numbers, counted by magnitudes, would in all probability
be very different. In a stratum, supposing the distribution of the stars
equable and their size uniform, their numbers should be nearly quadrupled at each descent of a magnitude. This, of course, is an ideal
law of progression which we can not expect to find anywhere strictly
obeyed; but even approximate conformity to it must be held to indicate
with tolerable certainty that the lessening ranks of the stars are, on
the whole, at distances from us corresponding with their light. Now it
is approximately conformed to by the stellar multitude down to the 8.9
magnitude over the general expanse of the sky, as well as over the zone
of the Milky Way. But in that zone stars of the ninth and higher magnitudes very much exceed their due numerical proportions; in other
words, they are physically, no less than optically, condensed.
From these circumstances two very important inferences may be derived: First, that the lower margin of the galactic aggregations lies at
a distance from us corresponding roughly to the mean distance of a
ninth magnitude star, costing light some fourteen hundred years of
travel; next, that the aggregated objects are average stars, neither
* From Nature, August 8, 1889, vol.

XL,

pp. 344-346.
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larger uor smaller than those in our nearer neighborhood. Both conclusions seem inevitable should the fact::; turn out, on closer inve::;tigation, to be as above stated. A regular increase in the numbers of the
successive photometric orders o~ stars, tallying with the increased cubical contents of the successive spheres of which the radii are the theoretical mean distances of those same orders, affords strong, if not demonstrative, evidence of a corresponding real penetration of space.*
And since the sequence continues unbroken down just to the ninth
magnitude, we see that the galactic condensations of ninth magnitude
stars can not be situated nearer to us than their brightness would lead
us to suppose-can not, in other words, be stars on a lower than the
ordinary level of luster.
It is tolerably certain however that the denser star clouds of the
Milky Way lie far beyond ninth magnitude distance. The ground for
this assertion is not the apparent minuteness of their components, but
the singular fact, adverted to by Argelander, that, in the divided Milky
Way, running from Cygnus to the Uentaur, the shining branches are
nearly on a par with the dark rift separating them as regards the distribution of stars even fainter than the ninth magnitude. The nebulous effect to the eye distinguishing the branches is then presumably
due to more remote collections. As to the further limits of these we
know as yet nothing, except that Hen~chel's gauge numbers left it to
be inferred that "thinning-out" had become marked before the attainment of fourteenth magnitude distance. On these and similar subjects
enlightenment may be hoped for through the judicious use of means
already at hand.
For simple star-counts, we have only to substitute star-counts by
magnitudes over selected areas of the sky.t The relative numbers of
the photometric ranks can hardly fail to give highly valuable indications as to real distribution; provided only that the assumption of a
general uniformity in the brightness of the stars be valid . . Not (it need
scarcely be said) of a uniformity such as to preclude any extent of individual variety; all that need be supposed is that the average size of
a star remains constant throughout sidereal space. This hypothesis
has far more probability in its favor than any other which could be set
up instead of it; though it may receive corrections as our inquiries advance.
The photometric classifieatiou of small stars is one of the many
branches of sidereal science which will henceforth be prosecuted only
with the assistance of the camera. Visual methods are inadequate and
insecure. Those by photography, it is true, have also their difficulties,
* The idea of determining distance by distribution seems to have presented itself
to Dr. \}ould in 1874. See Arnerican Journal of Science, vol. VIII.
t This plan was first suggested by Prof. Holden in 1883, as a mode of investigating
the composition of star-groupings (" Vi7 ashburn Publications," vol. n, p. 113).
Counts with varied telescopic apertures gave him the numbers in the successive
photometric ranks. We believe that a, photographic method of determining them
has since been adopted by him.
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not yet completely vanquished; they will, however, evidently prove.
manageable. Prof. Pickering is tentatively establishing methods ill!
photographic photometry which will doubtless before long be brought;
to perfection. They depend mainly upon comparisons of stellar im-pressions upon any given plate, exposed under known conditions, with
standard impressions of standard stars obtained with varied exposures~
or apertures. For the purpose we have in view, accidental errors of
estimation, even if very large in amount, are of no importance. Whatis essential is that the integrity of the series should be preserved-that:
the proportionate change of light from one magnitude to the next should
remain invariable from the first term to the last. The realization of
this aim, now virtually attained, is one of the most weighty services
rendered to astronomy by the sensitive plate.
We may now describe the process of photographic star-gauging. It
consists in the enumeration, by magnitudes or half magnitudes, of the·
stars down, say, to the fifteenth magnitude, self-pictured from distinctively situated patches of the sky. Each such area should be wide·
enough to insure the elimination of minor irregularities in distribution;.
but a single large field would often suffice to show the characteristic:
grouping of the smaller telescopic stars.
The Milky Way would naturally be the first subject of inquiry; andi
the comparison of several plates taken in different sections of its course:
might be expected to yield data of great significance as regards its
constitution. From simply calling over the muster-roll by orders of
brightness of the stars contained in them, answers may be derived to
the following questions:
(1) How far does the regular sequence of increasing numbers extend~
That is, down to what grade of brightness do the stars continue nearly
to quadruple with each additional magnitude~
(2) Is the progression interrupted by defect or excess, or by each alter=nately ~ In other words, does the stellar system embrace systematic-.
yacancies as well as systematic groupings~
(3) Supposing an accumulation of stars to set in at a definite stage of
space-penetration, where does it stop~ Down to what magnitude is
the augmented ratio of increase maintained~
(4) Are there symptoms of approaching total exhaustion of the stellar supplies beyond~
These should be found in a concurrent decrease of density with
brightness, "density" being understood as the proportion of the numbers present to the space theoretica-lly available for stars of a given
magnitude. For one of two things seems certain: either the thinning
fringe of stars is composed of really small objects interspersed among
larger om~s, or of average stars at average distances from us, but further and further apart from each other. In the first case the system
ends abruptly; in the second, it is, as it were, shielded by outliers from
the absolute void.
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Particular attention should be paid to the differences of stellar dis·
tribution upon plates of the Milky Way proper, and of the dark a per·
ture between its cloven portions. That this really forms an integral
part of the galaxy is shown by the far greater profusion of small stars
there than in the general sky at the outer margins of the galactic
·branches-a fact in itself fatal to the "spil'al theory," by which the
rift was interpreted as a chink of ordinary sky-background left by the
interlacing, to the eye, of two great streams of stars, one indefinitely
more remote than the other. From photographs we may now hope to
learn what is the nature of the distinction between rift and brancheswhat are the magnitudes, relative numbers, and presumable mean distances, of the clustering stars present in the latter, but absent from
former.
Gauges taken in the neighborhood of the southern "coal-sack" ought
to prove instructive as to the nature of the nebulous stratum out of
which it seems as if scooped. If the Milky Way be there shallower
than elsewhere, a greater uniformity of lustre may be looked for among
the stars composing it. No background profusely ~tored with lessening ranks will come into view, and stars below the average of those
grouped in bright masses, representing their genuine companions, will
be but scantily present.
Outside the milky way, two points suggest themselves as likely to be
settled by photographic gauges. Argelander found that the faintest
stars in the Durchmustm·ung were everywhere in excess of their due
proportion.*. Even at the galactic pole, their increase, as compared
with the class next below, was sextuple instead of qua~ruple; in the
undivided galactic stream it was nine and a half, in the rift eight and
a half tiines. If this semblance of crowding in all directions at about
the mean distance of a ninth magnitude star be no accident of enumeration, then the milky way is only the enhancement of a phenomenon
universally present, and the fundamental plan of the sidereal system
must be regarded as that of a sphere with superficial condensation intensified in an equatorial ring. The counts, to settle this question, will
have to ex.tend over a considerable area.
The second point for photographic investigation refers to the limits
of the system towards the galactic poles. There is reason to believe
them comparatively restricted. M. Celoria, of the Milan observatory,
using a refractor capable at the utmost of showing stars of eleventh magnitude, obtained for a "mean sounding,'~ at the north pole of the milky
way, almost identically the same number given by Herschel's great refiector.t That is to say, no additional stars were revealed by the larger
instrument. Should this evidence be confirmed, the boundary of the
stellar scheme should here be placed at a maximum remoteness of 3,500
years of light travel.
* Bonner Beobachtungen~ Bil. v, "Einleitung."
t Memo1·ie dell' Instituto Lornbardo, t. xrv, p. 86.
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As a specimen of a photographic gauge-field on a small scale, we may
take Prof. Pickering's catalogue, from the Harvard plates, of 947 stars
within 1 o of the north celestial pole.* The region examined lies about
27° from the zone of the Milky Way, but is nearly reached by a faint
extension from it. Since only one eighth magnitude star, and none
brighter, are included in it, the study of distribution, for which it offers
some materials, may be said to begin with the ninth magnitude. A
single glance at the synoptical table suffices to show that the numerical
representation of the higher magnitudes is inadequate. The small
stars are overwhelmingly too few for the space they must occupy if of
average brightness; and they are too few in a constantly increasing ratio.
Either, then, the diminishing orders form part of a heterogeneous collection of stars of all sizes at nearly the same distance from us about
.JJenst'ti '!S

I
I

J

1\
I \

I

\
\ I
\I
II

\
\
\

\
.........

\

\.

Hags.

9.0

-

..........

r-

9.5 10.0 10.5 Jl.O 11.5 lZ.O .12.5 13.0 13.5 14.0 14.5 15.0

Distribution of 934 stars within 10 of the pole, showing the ratio of numbers to space for each half.
magnitude.

that corresponding to ninth magnitude), or they belong to attenuated
star-layers stretching to a much vaster distance. A criterion might be
supplied by Prof. Holden's plant of charting separately stars of successive magnitudes over the same area, and judging of their connection or
disconnection by the agreement or disagreement in the forms of their
groupings.
The accompanying diagram shows graphically the decrease of density
outward, deducible from Prof. Pickering's numbers on the sole suppo* Harvat·d Annals, vol. xvrn, p. 138.
t Recommended in the Century Magazine for September, 1888, as well as in "Washburn Publications," Yol. n, p. 113.
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sition of the equal average luster of each class of stars. Those of tlle
ninth are the most elosely scattered. The intervals between star and
star widen rapidly and continuously (for the sudden dip at 9·5 magnitude is evidently aceidental) down to 11.5 magnitude, when a slight recovery, lasting to the thirteenth magnitude, sets in. How far these
changes are of a systematic character can only be decided from far
wider surveys.

•

THE SUN'S MOTION IN SPACE.*

By

AGNES M. CLERKE.

Science needed two thousand years to disentangle the earth's orbital
movement from the revolutions of the other planets, and the incomparably more arduous problem of distinguishing the solar share in the
confused multitude of stellar displacements first presented itself as
possibly tractable, little more than a century ago. In the lack as yet of
a definite solution for it, there is then no ground for surprise, but much
for satisfaction in the large measure of success attending the strenuous
attacks of which it has so often been made the object.
Approximately correct knowledge as to the direction and velocity of
the sun's translation is indispensable to a profitable study of sidereal
construction; but apart from some acquaiptance with the . nature of
sidereal construction, it is difficult, if not impossible, of attainment.
One in fact pre-supposes the other. To separate a common element of
motion from the heterogeneous shiftings upon the sphere of 3,000 or
4,000 stars is a task practicable only under certain conditions. To begin with, the proper motions investigated must be established with
general exactitude. The errors inevitably affecting them must be such
as pretty nearly, in the total upshot, to neutralize one another. For
should they run mainly in one direction, the result will be falsified in
a degree enormously disproportionate to their magnitude. The adoption, for instance, of a system of declinations as much as. 1" of arc
astray, might displace to the extent of 10° north or south the point
fixed upon as the apex of the sun's way (see L. Boss, Astr. Jour., No.
213). Risks on this score, however, will become less formidable with
the further advance of practical astronomy along a track definable as
an asymptote to th•e curve of ideal perfection.
Besides this obstaele to be overcome, there is another which it will
soon be possible to evade. Hitherto, inqui_ries into the solar movement
have been hampered by the necessity for preliminary assumptions of
some kind as to the relative distances of classes of stars. But all such
assumptions, especially when applied to selected lists, are highly insecure; and any fabric reared upon them must be considered to stand
upon treacherous ground. The spectrographic method, however, here
fortunately comes into play. "Proper motions" are only angularveloci*From Nature, October 15, 1891, Vol.

XLIV,

pp. 572-574.
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ties. They tell nothing as to the value of the perspective element they
may be supposed to include, or as the real rate of going of the bodies they
are attributed to, until the size of the sphere upon which they are measured has been otherwise ascertained. But the displacements of lines
in stellar spectra give directly the actual velocities relative to the earth
of the observed stars. The question of their distances is therefore at
once eliminated. Now, therarlial component of stellar motion is mixed
up precisely in the same way as the tangential. component with the
solar movement; and since complete knowledge of it in a sufficient
number of cases is rapidly becoming accessible, while knowledge of
tangential velocity must for a long time remain partial or uncertain, the
advantage of replacing the discussion of proper motions by that of
motions in line of sight is obvious and immediate. And the admirable
work carriEpd on at Potsdam during the last three years will soon afford
the means of doing so in the first, if only a preliminai·y, investigation
of the solar translation based upon measurements of photographed
stellar spectra.
The difficulties, then, caused either by inaccuracies iu star catalogues
or by ignorance of star distances, ~ay be overcome; but there is a
third, impossible at present to be surmounterl, and not without misgiv. ing to be passed by. All inquiries upon the subject of the advance of
our system through space•start with a hypothesis most unlikely to be
true. The method uniformly adopted in them-and no other is available-is to treat the inherent motions of the stars (their so-called motus
peculiares) as pursued indifferently in all directions. The steady drift
extricable from them by rules founded upon the science of probabilities is presumed to be solar motion visually transferred to them in proportions varying with their remoteness in space and their situations on
the sphere. If this presumption be in any degree baseless, the result
of the inquiry is pro tanto falsified. Unless the deviations from the
parallactic line of the stellar motions balance one another on the whole,
their discussion may easily be. as fruitless as that of observations
tainted with systematic errors. It is scarcely however doubtful that
law, and not chance, governs the sidereal revolutions. The point open
to question is whether the workings of law may not be so exceedingly
intricate as to produce a grand sum total of results which, from the geometrical side, may justifiably be regarded as casua{
The search for evidence of a general plan in the wanderings- of the
stars over the face of the sky has so far proved fruitless. Local concert can be traced, but no widely-diffused preference for one direction
Some regard, nevertheless,
0 ver any other makes itself definitely felt.
must be paid by them to the plane of the Milky Way; since it is altogether incredible that the actual construction of the heavens is without. dependence upon the method of their revolutions.
The apparent anomaly vanishes upon the consideration of the profundities of space and time in which the fundamental design of the
sidereal universe lies buried. Its com-gosition out of an indefinite
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number of partial systems is more than probable; but the inconceivable leisureliness with which their mutual relations develop renders the
harmony of those relations inappreciable by short-lived terrestrial
denizens. "Proper motions," if this be so, are of a subordinate kind;
they are indexes simply to the mechanism of particular aggregations,
and have no definable connection with the mechanism of the whole.
•No considerable error may then be involved in treating them, for purposes of calculation, as indifferently directed; and the elicited solar
movement may genuinely represent the displacement of our system rela-tive to its more immediate stellar environment. This is perhaps the utmost to be hoped for until sidereal astronomy has reached another stadium of progress, unless, indeed, effect should be given to Clerk Maxwell's suggestion for deriving the absolute longitude of the solar apex
from observations of the eclipses of Jupiter's satellites (Proc. Roy. Soc.,
vol. xxx, p. 109). But this is far from likely. In the first place, the
revolutions of the Jovian system can not be predicted with anything
like the required accuracy. In the second place, there is no certainty
that the postulated phenomena have any real existence. If however
it be safe to assume that the solar system, cutting its way through
space, virtually raises an ::etherial counter-current, and if it be further
granted that light travels faster with than against such a current, then
indeed it becomes speculatively possible, through slight alternate accelerations and retardations of eclipses taking place, respectively, ahead
of and in the wake of the sun, to determine his absolute path in space
as projected upon the ecliptic. That is to say, the longitude of the
apex could be deduced together with the resolved part of th0 solar
velocity; the latitude of the apex, as well as the component of velocity
perpendicular to the plane of the ecliptic, remaining however unknown.
The beaten track, meanwhile, has conducted two recent inquirers to
results of some interest. The chief aim of each was the detection of
systematic peculiarities in the motions of stellar assemblages after the
subtraction from them of their common perspective element. By varying the materials and method of analysis, Prof. Lewis Boss, director of
the Albany Observatory, hopes that corresponding variations in the
upshot may betray a significant character. Thus, if stars selected on
different p:rinciples give notably and consistently different results, the
cause of the difference may, with some show of reason, be supposed to
reside in specialties of movement appertaining to the several groups.
Prof. Boss broke ground in this direction by investigating 284 proper
motions, few of which had been similarly employed before (Astr. Jmtr.,
No. 213). They were all taken from an equatorial zone 4° 20' in breadth,
with a mean declination of +3°, observed at Albany for the catalogue
of the Astronornische Gesellschajt, and furnished data accordingly for
a virtually independent research of a somewhat distinctive kind. It
was carried out to three separate conclusions. Setting aside five stars
with secular movements ranging above 100°, Prof. Boss divided the
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279 left available into two sets,-one of 135 stars brighter, the other of
144 stars fainter, than the eighth magnitude. The first collection gave
for the goal of solar translation a point about 4° north of a Lyr::e, in R.
A. 28oo, Decl. + 43°; the second, one some thirty-seven minutes of
time to the west of o Cygni, in R. A. 286°, Decl. + 45° . For a third
and final solution, tweuty-six stars moving 40"-100" were rejected, and
the remaining 253 classed in a single series. The upshot of their discussion was to shift the apex of movement to R. A. 289° , Decl. + 51°.
So far as the difference from the previous pair of results is capable of
interpretation, it would seem to imply a predominant set towards the
northeast of the twenty-six swifter motions subsequently dismissed as
prejudicial, but in truth the data employed were not accurate enough
to warrant so definite an inference. The Albany proper motions, as
Prof. Boss was careful to explain, depend for the most part upon the
right ascensions of Bessel's and Lalande's zones, and are hence subject
to large errors. Their study must be regarded as suggestive rather
than decisive.
A better quality and a larger quantity of material was disposed of
by the latest and perhaps the most laborious investigator of this intricate problem. M. Oscar Stumpe, of Bonn (Astr Nach., Nos. 2999, 3000),
took his stars, to the number of 1,054, from various quarters, if chiefly
from Auwers's and Argelander's lists, critically testing, however, the
movement attributed to each of not less than 16" a century. This he
fixed as the limit of secure determination, unless for stars observed with
exceptional constancy and care. His discussion of them is instructive
in more ways than one. Adopting Schonfeld's modification of Airy's
formul::e, (the additional cornputative burden imposed by it notwithstanding,) be introduced into his equations a fifth unknown quantity
expressive of a possible stellar drift in galactic longitude. A negative
result was obtained. No symptom came to light of ''rotation" in the
plane of the Milky Way.
M. Stumpe's intrepid industry was further shown in his disregard
of customary "scamping" subterfuges. Expedients for abbreviation
vainly spread their allurements; everyone of his 2,108 equations was
separately and resolutely solved. A more important innovation was
his substitution of proper motion for magnitude as a criterion of remoteness. Dividing his stars on this principle into four groups, he
obtained an apex for the sun's translation corresponding to each as
follows:
Apex.

Group.

No. of
included
stars.

~~~~~~-~--~------! --··-

Proper motion .

Ri ght

Decli-

i~l~~~- nation.
--- 0

551
340
105
58 1 1. 28

0. 16 to 0. 32
0. 32 to 0. 64
0. 64 to 1. 28
and upward

287.4
279.7
287.9
285.2

+ 42

40.5
32.1
30.4
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Here again we find a marked and progressive de~:;cent of the apex
toward the equator with the increasing swiftness of the objects serving for its determination, leading to the suspicion that the most northerly may be the most genuine position, because the one least affected
by stellar individualities of movement. By nearly all recent investigations, moreover, the solar point de mire has been placed considerably
farther to the east and nearer to the Milky Way than seemed admissible to their predecessors; so that the constellation Lyra may now be ,
said to have a stronger claim than Hercules to include it; and the necessity has almost disappeared for attributing to the solar orbit a high ..
inclination to the medial galactic plane.
From both the Albany and the Bonn discussions there emerged with
singular clearness a highly significant relation. The mean magnitudes
of the two groups into which Prof. Boss divided his 279 stars were re.spectively6.6 and 8.6, the corresponding mean proper motions 21.0" and
20.9". In other words, a set of stars on the whole six times brighter than
another set owned a scarcely larg·er sum total of apparent displacement.
And that this approximate equality of mo-vement really denoted approximate equality of mean distance was made manifest by the further circumstance that the secular journey of the sun proved to snbtend nearly
the same angle whichever of the groups was made the standpoint for
its survey. Indeed, the fainter collection actually gave the larger angle
(13. 73" as against 12.39"), and so far an indication that the stars composing it were, on an average, nearer to the earth than the much brighter
ones considered apart.
A result similar in character was reached by M. Stumpe. Between
the mobility of his star group~, and the values derived from them for
the angular movement of the sun, the conformity proved so close as
materially to strengthen the inference that apparent movement measures real distance. The mean brilliancy of his classified stars seemed,
on the contrary, quite independent of their mobility. Indeed, its
changes tended in an opposite direction. The mean magnitude of the
slowest group was 6, of the swiftest 6.5, of the interm(.>diate pair 6. 7
and 6.1. And these are not isolated facts. Comparisons of the same
kind, and leading to identical conclusions, were made by Prof. Eastman at Washington in 1889. (Phil. Soc. Wash. Bulletin, vol. xr. p.143;
Proceedings Amer. Association, 1889, p. 71.)
What meaning can we attribute to them 1 Uncritically considered,
they seem to assert two things, one reasonable, the other palpably absurd. The first-that the average angular velocity of the stars varies
inversely with their distance from ourselves-few will be disposed to
doubt; the second-that their average apparent luster has nothing to
do with greater or less remoteness-few will be disposed to admit.
But, in order to interpret truly well-ascertained if unexpected relationships, we must remember that the sensibly moving stars used to determine the solar translation are chosen from a multitude sensibly fixed,
H. Mis. 334, pt. 1--8
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and that the proportion of stationary to traveling stars rise::; rapidly
with descent down the scale of magnitu<le. Hence a mean struck in
disregard of the zeros is totally misleading, while the account is no
sooner made exhaustive than its anomalous character becomes largely
modified. Yet it does not wholly disappear. There is some warrant
for it in nature. And its warrant may perhaps consist in a preponderance, among suns endowed with high phys·ica,l speed, of small~ or
slightly luminous, over powerfully radiative bodies. Why this should
be so it would be futile, oven by conjecture, to attempt to explain,

A SOUTHERN OBSERVATORY.*

By

AGNES

M.

CLERKE.

On Tuesday, August 21, 1888, the Union steamship Mexican crossed
the line outward-bound for the cape, and a certain proportion of her
passengers, amongst whom was the present writer, found themselves
for the :first time in the southern hemisphere. A few nights later, half
an hour's darkness before moonrise gave time for a splendid display of
unfamiliar stars. The Southern Cross lay prone toward the west;
Alpha and Beta Centauri shone triumphantly above it; Achernar was
climbing the sky on the other side of a pole singularly denuded of
bright companionship; the lucid streams and knots of the Milky Way
were reflected in a pearly shimmer from gently .h eaving waves, the
brilliant effect of the entire sidereal landscape being enhanced by the
presence of Jupiter and Mars close tog-ether in Scorpio, while the dim
cone of the Zodiacal Light, tapering upward from the sun's place, faded
out above them on the black background of the sky.
The " four stars,"
Non viste mai fuor ch' alla prima gente,

appealed to medireval imagination as a symbol and a prophecy of the
uplifting of the Cross in the waste places of the earth. Modern travellers regard them from a more prosaic point of view, and are apt to be
'' disappointed" at their unequal luster and slightly unsymmetrical
arrangement. The :firmament they help to adorn, however, is of a
splendor at :first sight absolutely startling, and at an times peculiarly
suggestive. The dullest mind can hardly fail to be roused to wonder
by the appearance of the galaxy as it extends past Sirius amidst the
grand procession of the stars in Argo, or where the great rift in its
structure spans the heavens from the Centaur to the Swan. The intricacy of its branches, the curdled texture of its surface, the stupendous
collection of distant suns, almost palpably rounded out from the void
of space in Sa,gittarius; the abrupt vacuity of the" Coalsack," recalling the dark" lanes" tunneling certain nebulre and star clusters, invite,
only to baffle, speculations, which the tempting analogues presented by
the never-setting Magellanic Clouds, with their mixed contents of stars
and nebulre, help further to stimulate.
" From.
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"What is the Milky Way~" may be called the question of questions
for future astronomers; but it has only of late been brought to some
extent within the range of available methods. More feasible aims
prompted the foundation of southern observatories. English official
astronomy in particular took its rise directly from the requirements of
English seamen. Flam steed was commissioned to determine the places
of the stars, not because any speculative interest attached to them,
but simply in order that they might serve for divisions (as it were) of
the great dial plate of the heavens, upon which the moon marked
Greenwich time, and might hence be got to tell the longitude in every
part of the world.
But English astronomy was incomplete, even from a strictly utilita- ·
rian p0int of view, so long as it failed to embrace the whole of the
celestial sphere; and in proportion as England's colonial empire became consolidated, the need of a supplementary establishment to that
at Greenwich was rendered more and more imperative.
In the choice of its situation, there was scarcely room for a doubt.
The Cape of Good Hope was already distinguished as the scene of
Lacaille's labors in 1851-'52; and these furnished the virtual startingpoint of austral astronomy. As their result, 10,000 southern stars and
forty-two nebulre were known at the beginning of this century; and an
indication of a somewhat anomalous character (yet the only one of any
kind at hand) had been procured regarding the figure of our globe
south of the equator. It seemed to show that the earth bulged the
wrong way,-in other words, was prolate instead of oblate. Its correction or verification was hence of extreme interest, and the re-measurement of Lacaille's arc of the meridian came to be recognized as a
prime necessity of geodetic science. By an order in council, dated
October 20, 1820, the establishment of a permanent observatory at the
Cape was accordingly decreed, and the first royal astronomer was immediately afterwards appointed, in the person of the Rev. Fearon
Fallows, of St. Johns College, Cambridge.
A Cumbrian weaver's son, he had contrived, while .still a boy working at the loom, to attain a notable proficiency in mathematics; and,
his talents attracting attention, some gentlemen of the neighborhood
subscribed to procure him a suitable education. He graduated in
1813, as third wrangler to Herschel's aud Peacock's first and second,
and was elected on the earliest opportunity a fellow of his college. The
prosperity and happiness of his life culminated when he found himself
as His Majesty's astronom,er at the Cape, in a position to marry the
eldest daughter of his :first patron, the Rev. Mr. Hervey, of Bridekirk.
This however was the last fortunate event of his life. Disappoint-.
ment and chagrin presided over the entire series of poor Failows' experiences in South Africa. Suspense through circumlocutory proceedings at home, anxiety due to the misconduct or lawlessness of those
employed by him in the colony, vexation indescribable at the defects
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of the instrument he had chiefly relied upon, personal illness, the
deaths of all the children successively born to him, at last exhausted
his vital energies, and be died of dropsy supervening upon sunstroke
and scarlet fever, July 25, 1831, at the age of 42. His grave is in a spot
of ground consecrated by himself within a stone's throw of the broken
pier of his transit instrument; and the syringa trees he planted now
lean their blossom-laden branches towards the upper windows of the
dwelling bouse where be might have hoped to spend many useful and
happy years.
But his work at the Cape was not thrown away. The buildings of
the new observatory were well planned and solidly executed; its site
was judiciously chosen on a slightly rising ground 3 miles southeast of
Cape Town, almost islanded by the converging sinuosities of the Liesbeck and the Salt River. A desolate spot enough it must indeed have
been when Fallows took his first survey of it. Wolves were then still
common in the neighborhood; the cries of jackals mingled at night
with the metallic chirping of the Cape frogs; the last Salt River hippopotamus had, not long before, met an untimely death by drowning
in its marshes; the mole-burrowed hillside was bare of almost every
form of vegetation save a luxuriant crop of thistles.
Now the smiling culture everywhere apparent indicates the neighborhood of a refined English home. The slopes are in spring all abloom
with lilies, asters, and gladioli, delicately striped and shaded with pink
and mauve, or flaunting gaudily in purple and orange; Australian willows-theCape substitute for laburnums-make golden patches against
the dark foliage of thick-growing pines planted half a century ago by
Lady Maclear on the simple plan of inserting a cone into every mole
hill; clumps of aloes and eucalyptus recall the vicinity of the tropics;
a grove of oaks and cypresses, due to Prof. Piazzi Smyth's skill in
forestry, brings memories of England; white arums, irrepressible and
all·diffusive, nestle round tree roots, strain upwards to the light through
the midst of tall shrubs and hedges, fling themselves in lavish profusion amidst the lush grass, marching processionally (so to speak) or
halting in dense clusters, and making milky ways of blossom along
every marsh and meadow. Here indeed are lilies, enough and to spare,
to strew, "with full hands," the graves of a hundred young Marcelluses.
In succession to the weaver's lad from Cockermouth, there was appointed to direct the new South African observatory a solicitor's clerk
from Dundee. Thomas Henderson began, at the age of 15, to devote his leisure hours to astronomy. His instinct however was for
the mathematical part of the science; and he had probably never seen
a transit instrument, or handled a telescope, until after he came to reside at Edinburgh in 1819. His twofold life prospered. In his legal
capacity he became secretary to Lord Advocate Jeffrey; his astronomical calculations brought him to the notice of Dr. Thomas Young,
Sir John Herschel, Capt. Basil Hall, and other eminent men. In the
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summer bf i829, Dr. Young gave in charge to Prof. Rigaud. a memorandum urging Henderson's superior qualifications for the post of
superintendent of the Nautical Almanac, vacated by his own death a
fortnight later; and the recommendation was doubtless influential in
procuring for him after three years the offer of the Cape observatory.
Assuming the chief command there in April, 1832, he accumulated
in thirteen months, a surprising number of valuable observations, still
in part unpublished. One of the results derived from them was however of so striking a character as to attract instant and universal attention. It was nothing less than the first authentic determination of
the distance of a fixed star.
After Sirius and Canopus, the brightest star in the heavens is Alpha
' Centauri. This beautiful object is easily resolved into two,-one fully
three times brighter than the other. And these two circulate round
each other, or rather round their common center of gravity, in a period
of about eighty-eight years. The system thus formed was discovered
by Henderson to have an " annual parallax" of just one second of arc.
That is to say, the apparent places of the component stars as viewed
from opposite sides of the earth's orbit, differed, through a familiar.
.effect of perspective, by Te210 00 of the distance from the horizon to the
.zenith. The more refined determinations of Drs. Gill and Elkin, while
.establishing its reality, have since shown that Henderson's parallax
was somewhat too large. . The actual distance of Alpha Oentauri from
the earth is, in round numbers, 25,500,000,000 of miles. Even the
::;etherial vibrations of light occupy four years and four months in spanning this huge interval; yet Alpha Oentauri (so far as is at present
Lknown) is the nearest neighbor of our sun in space.
The attractive power of each of these coupled stars appears to be
·.about equal; but while one is nearly twi0e, the other is only half as
]uminous, in proportion to the amount of matter it contains, as our
~.own sun. Hence, according to our present notions, the darker, more
<condensed body must be considerably more advanced on the road
towards extinction than its brilliant companion, and an attentive study
of its spectrum ought to give interesting results.
Henderson returned to Europe in 1833, unable, in the uncertain state
of his health, to support the discomforts-long since banished with the
wolves and jackals-of a residence at Observatory Hill. He became
astronomer royal for Scotland in 1834, and died suddenly of heart disease ten years later.
The third astronomer at the Cape, and the first whose term of activity
there was prolonged to a fitting conclusion, was an Irishman. Sir
Thomas Maclear was born at Newtown Stewart, in County Tyrone, March
17,1794. His career, like those of his predecessors, swerved insensibly
towards the stars. He was a physician, practicing at Biggleswade,
in Bedfordshire, whose astronomical proclivities had been fostered by
the genial influence of Admiral Smyth, when suinrnoned, as one may
say, to the celestial charge of the southern hemisphere.
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The royal observatories a.t Greenwich and the Cape of Good Hope
form together an astronomical establishment such as no other nation
besides our own can boast of possessing. It fitly represents the worldwide dominion of which it is the corollary. British empire on the seas
led directly to British empire over the skies, the one gaining completeness as the inevitable consequence of the expansion of the other. Southern astronomy seems the proper appanage of the Anglo-Saxon race.
Originating with Halley's expedition to St. Helena in 1677, Lacaille's
work at the Cape formed the only exception worth mentioning to the
rule of its prosecution by our fe.Ilow-countrymen on either side of the
Atlantic. So far, indeed, as geometrical astronomy is concerned, it
would survive, without vital injury, the destruction of all results except
those obtained at Greenwich and the Cape. Geometrical astronomy is
now however only one, though the most important, branch of the
science.
Sir Thomas Maclear proved an indefatigable and skillful observer.
He co-operated energetically with Sir John Herschel, whose memorable
stay at Feldhausen, 3 miles from the Royal Observatory, coincided with
the first four years of his tenure of office. He re-measured and extended Lacaille's arc, thereby not only removing aU doubt as to the
conformity to scientific prediction of the earth's figurr, but providing
an invaluable groundwork for the survey of the entire colony, now in
active . course of prosecution by Maj. Morris, R. E. The long list of
comets observed by Maclear includes Halley's, Donati's, Biela's, Encke's
at four returns, and the great" southern" one of 1843. He accumulated materials for three star catalogues, prepared for the press and
published by his successors, Mr. Stone, the present Radcliffe observer,
and Dr. Gill. And so completely had his interests become identified
with those of his adopted home that he continued, after retiring from
the observatory in 1870, to reside in its vicinity; and on his death,
July 14,1879, was laid to rest within its grounds. His son, Mr. George
Maclear, retains charge of the transit circle procured by his father in
1855. It is an exact copy of that erected by Sir George Airy at Greenwich.
Mr. Stone was chief assistant at Greenwich when induced to accept
the appointment to the Cape by the opportunity it offered for the preparation of an extensive star catalogue, by the comparison of which
with the earlier Madras and Brisbane catalogues something might be
learned about the movements of southern stars. This object was most
satisfactorily attained by the publication of the " Cape Catalogue for
1880," containing nearly 12,500 accurately determined star-places. By
a pure coincidence, Dr. Gould's simultaneous work at Cordoba had the
same scope. Its brilliant results are familiar to all astronomers.
Mr. Stone surrendered the direction of the observatory, in June, 1879,
to the present royal astronomer. Dr. Gill is one of a long line of distinguished Aberdonians. An astronomer by "irresistible impulse," he,
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like Bessel, exchanged lucrative mercantile pursuits for the comparatively scanty emoluments awaiting the votaries of the stars. The
~'patines of bright gold," with which Urania's treasure chests overflow,
are not of terrestial coinage.
The distance of the sun was ~he :first problem upon which Dr. Gill
delivered a substantial attack; and his solution of it still remains the
best obtained by celestial trigonometry, corresponding so closely with
Newcomb's value of the same great unit, derived from direct measurement of the velocity of light, as to reduce within reassuringly narrow
limits the uncomfortable margin of uncertainty left by the transits of
Venus. In the observations of Mars made for this purpose at Ascension in 1877,* Dr. Gill employed the instrument of his predilection,
called-on the lucus a non lucendo principle-a "heliometer.''
A heliometer is a telescope of which the o~ject glass has been sawn
in two. This does not sound like, nor would it be, an improvement for
purposes of simple star-gazing; but the end in view is different. It-is
that of precisely determining the angular distances between adjacent
stars, or between a planet and stars near it, though in many cases heyond the range of the ordinary micrometer. The following is the way
in which this end is compassed.
The half lenses of the object glass are separable by a very :fine screw
motion, and they focm independent and separable images of any object
upon which the telescope is pointed. These images unite into one when
the two segments unite to complete one circle; as they are made to
slide apart, the images to slip sideways asunder, to an extent which can
be measured with the minutest accuracy by exquisitely divided scales
read with a powerful microscope. In the actual process of observation,
the telescope is :fixed upon a point midway between the stars under
scrutiny, so that the :field of view is, to begin with, empty. Neither star
can-be seen. Then the segments of the object glass are moved oppositely along a line brought beforehand to agree with the line of direction between the stars, until the more westerly (say) of the pair as
imaged by one segment, and the more easterly as imaged by the other,
begin simultaneously to appear, and are at last carefully made to coincide in the middle of the :field. After the scales have been read, the
motion is reversed, and a similar coincidence is brought about between
the oppositely corresponding stars-that is, between the easterly member of the pair shown by segment No. 1, and the westerly member of
the pair shown by segment No. 2. The total distance traversed is, of
course, equal to twice the distance between the stars.
The refinements, however (which can not here be explained), attendant upon these operations are what make their results valuable, and
the process of educing them laborious. With the Copernican "triquetrum" the measured apparent intervals between any two of the
*For a popular account of the expedition, see Mrs. Gill's charming" Six Months in
Ascension." Murray. Second edition. 1880.
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heavenly bodies could be depended upon to within ten minutes; with
the new Repsold heliometer the error of a single observation is less
than.one-tenth of a second of arc. So that accuracy has been increased,
in the course of three and a half centuries, some six thousand times.
At what cost of patience and expenditure of the counted moments of
individual human lives, as the fruit of what illuminations of genius,
throes of invention, failures, and disappointments in some quarters,
compensatory triumphR in others, can never rightly be told. The progress achieved was by "leaps and bounds;" it must henceforth be by
slow and painful foot lengths, as the limit of possible accuracy is brought
imperceptibly nearer. It is not likely that the astronomical data of
three and a half centuries hence will be six thousand times more ac·
curate than those at our disposal.
The heliometer is, of all others, the instrument best adapted for the
TVork (exceedingly simple in principle, yet delicate to an almost inconceivable degree in the details of its execution) of determining stellar
parallaxes. The diameter of the earth's orbit affords a base liHe
186,000 miles in length, from opposite extremities of which-that is,
at oplJosite seasons of the year-the distances between the object to
be examined and two "comparison stars" are measured. The infinitesimal alternate shift of the star nearest the earth to and from those with
which it is compared (assumed with little risk of error, to be indefinitely remote) is called its "parallax." From its angular amount the
distance in miles of the star from the 8arth can be at once derived.
The minuteness of this little parallactic see-saw is difficult to be realized by those unpracticed iu such matters. A displacement of one second on the sphere is equivalent to a shifting across the width of a
human hair placed 70 feet from the eye. But no known star has so
large a parallax as one second, which is as much as to say that no
known star is so near to us as 200,000 times the distance of the sun.
Positive results might, under these circumstances, well have been despaired of; yet they have, in a number of cases, been attained, and
form the surest groundwork so far provided for investigations into the
mechanism of the skies.
Dr. Gill's observations for stellar parallax were begun at the Cape
July 5, 1881, with the Dunecht heliometer, of which he had become the
possessor by private purchase from the Ear1 of Crawford. He had as a
coadjutor Dr. W. L. Elkin, who is now in very effective charge, at Yale
College, of the only heliometer yet erected on any part of the American
continent. Nine stars in all were measured, of which two gave no indications of possessing any sensible parallax. Both, remarkably enough,
are brilliant stars of the first magnitude-Canopus and Beta Centauriwhich, to shine as they do, from unfathomable depths of space, must be
objects of astounding splendor. Canopus, especially, can not emit less,
and may emit a great deal more, than fifteen hundred times the light
of our sun, unless, indeed, Dr. Elkin's ''comparison stars" should turn
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out to be physically connected, consequently, at nearly the same distance from ourselves with the giant luminary they attend. This doubt
will shortly be set at rest by Dr. Gill's measures, now being carried out
with a different pair of stars.
Sirius was shown by the observations of 1881-'83 to be at a distance
such that its light occupies nearly nine years in reaching us. Its real
brightness is that of sixty-three suns, while it attracts the semi-obscure
body circulating round it in forty-nine years, with no more than thrice
the solar power. This extraordinary luster relative to mass seems to
belong to all stars of the Sirian pattern as to spectrum, and is due most
likely in part to their elevated temperatures, in part to the scantiness
of their vaporous surroundings.
The success of the Cape investigations in this difficult branch of astronomy invited their continuatiOn on a larger scale, and with more
powerful instrumental means. The Government was accordingly induced to sanction the construction, by Messrs. Repsold of Hamburg,
of a new heliometer of above 7 inches aperture, mounted last year in a
building erected for its reception on the summit of the sunny slopes of
Observatory Hill. The :first view of this great star-measuring ma~hine
has, it must be admitted, a somewhat bewildering effect 'upon the uninitiated onlooker. The eye=end literally bristles with steel rods, handles, and screw-heads, almost as numerous as the stops of an organ,
and requiring no less skill and knowledge for their proper use. The
revolvil)g "head" is armed with a strange-looking, radiated head-gear,
like the sails of a windmill, or a nimbus of tin sectors surviving from a
barbarous age.
Everything here has however a definite purpose. These surprising
":flappers" are, in fact, screens of wire gauze of graduate<l closeness,
used for equalizing the brightness of the stars in the :field of view, and
so enabling the eye to hold t~ balance, as it were, even between them.
The complex apparatus close to the observer's hand furnishes him with
the means of easy control over the whole of the sky-gauging mechanism
provided for him. None more perfect has been devised, yet the study
of its "errors" is the indispensable preliminary to its use.
Only the sublime end in view could render tolerable the process of
arriving at a complete "theory" of such an instrument. The patient
laboriousness so readily commended in the heroes of science costs more
than the readers of their biographies are apt to imagine. Interminable
readings of scale divisions, interminable castings-up of the columns of
decimals expressing the differences of the successive readings, are not
in themselves exciting occupations. But they must be pursued during
some hours a day for a whole year before the "division errors" of the
new heliometer can be regarded as completely abolished because perfectly known. Nor is this all. Elaborate corrections and interpretations of other kinds have to be added, to say nothing of endless and
anxious precautions in the observations themselves-precautions
against personal and physiological, as well as against atmm;pberic and

A SOUTHERN OBSERVATORY.

123

instrumental, causes of error. Accuracy is indeed arduous; and the
astronomer who is not what the old Romans used, in their grand way,
to look down upon as a cumini sector, had better learn another profession.
Twenty-seven stars in the southern hemisphere are now being, or are
about to be, measured for parallax with the Cape heliometer. Their
selection was governed by the ultimate object of gathering information
as to the scale and plan of the marvellous aggregation of suns to which
our sun belongs, and amidst which it is moving, in an unknown orbit,
to meet unknown destinies. For this purpose, facts of two kinds are
urgently needed-facts relative to the real distribution, and facts relative
to the real movements of the stars in space. Dr. Gill's operations, when
completed, can not fail to bring important reinforcements to our present
small store of each.
Ten stars of the first magnitude lie to the south of the celestial equator, ofwhich nine (Alpha Centauri being already safely disposed of)
are in course of measurement at intervals of six months. The upshot
will be to give the average distance corresponding to the first order of
stellar brightness in the southern hemisphere. An analogous result
has lately been published by Dr. Elkin for the ten chief northern luminaries. Their distance, "aU round," proves to be thirty-six "lightyears." That is to say, light from their photospheres aftects our senses
only after our planet has revolved, on an average, thirty-six times in
its orbit round the sun. So that all our knowledge, even of the stars
presumably nearest to the earth, refers, in this year 1889, to the "mean
epoch" 1853. We shall learn presently whether the "mean epoch" for
the southern bright stars corresponds approximately to this date, or
whether a marked disparity may countenance the surmise of our eccentric situation in the group of luminaries to which our sun more especially belongs.
Dr. Gill's list includes five second magnitude stars, the annual perspective displacements of which (if large enough to be measurable) will
give ·something like a definite scale of increasing distance with decreasing luster. A conclusion will then be feasible as to the rate of
movement of the sun in space. The elder Struve made it about 5 miles
a second, but on the supposition of the brightest stars being between
two and three times nearer to us than they seem really to be. We can
now see that the actual speed of the solar system can scarcely fall short
of 12, or exceed 20 miles, a second. By a moderate estimate, then, our
position in space is changing to the extent of 500,000,000 of miles annually, and a collision between our sun and the nearest fixed star would ·
be inevitable (were our course directed in a straight line toward it) after
the lapse of fifty thousand years!
The old problem of "how the heavens move," successfully attacked
in the solar system, has retreated to a stronghold among the stars, from
which it will be difficult to dislodge it. In the stupendous mechanism
of the sidereal universe, the acting forces can only betray themselves to
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ns by the varying time configurations of its parts. But as yet our
knowledge of stellar movements is miserably scanty. They are apparently so minute as to become perceptible, in general, only through observations of great precision extending over a number of years. Evell
the quickest-movh1g star would spend two hundred and fifty-seven years
in crossing an arc of the heavens equal to the disc of the full moou.
Yet all the time (owing to the inconceivable distances of the objects in
motion) these almost evanescent displacements represent velocities in
many cases so enormous as to baffle every attempt to account for them.
"Runaway stars" are no longer of extreme rarity. One in the Great
Bear, known as" Groombridge, 1830," invisible to the 11aked eye, but
sweeping over at least 200 miles each second, long led the van of stellar
speed. Prof. Pritchard's photograpic rletermination of the parallax of
fl. Cassiopeiffi shows, however, that inconspicuous object not only to be
a sun about forty times as luminous as our own, but to be traveling at
the prodigious rate of 300 miles (while Dr. Elkin's result for Arcturus
gives it a velocity of little less than 400 miles) a second!
The '• express" star of the southern hemisphere, so far, is one of the
fourth magnitude situated in Toucan. Its speed of about 200 miles a
secoud may however soon turn out to be surpassed by some of the
rapidly-moving stars picked out for measurement at the Cape. Among
them are some pairs "drifting" together, and presumed therefore to be
connected by a special physical bond, and to lie at nearly the same distance from ourselves. This presumption will now be brought to the
test.
A remarkable and typical change has affected the aims pursued at
our southern national observatory since Dr. Gill assumed its direction.
There has been a widening of purpose matching the widened scope of
astronomical science due to the development of new methods. The
practical usefulness of the establishment was never more conspi~uous
than at present. The shipping interests, railway service, and surveying operations of South Africa are in immediate dependence upon it.
The whole fabric of the "old astronomy "-so far as one hemisphere is
concerned-is held together by the re-determinations of" fundamental"
and "standard" stars continually in progress at it. But while nothing of what was previously held in view has been relinquished, much
of incalculable value has been added. Above all, the ideal, or purely
intellectual, side of astronomy has obtained recognition, and in a form
likely to be memorable in the history of the science.
The celestial-photographic Paris Congress of April, 1887, might be
called" epoch making," for this reason alone-that it marked, officially
and forever, investigations into the structure of the sidereal universe
as part of the proper duty of astronomers. These inquiries, the most
sublime of the physical kind with which the mind of man can be occupied, will not henceforth be abandoned to individual caprice, to be
prosecuted by necessarily inadequate means, and neglected when those
means (as they could not fail to do) should collapse under the strain
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put upon them. They will be pursued gravely, systematically, by the
concerted efforts of successive generations, through the toil of innumerable unpretending workers guided to effectiveness by the highest
intelligence of the times. A measure of success is, under these circumstances, certain, and even a small measure of success in this direction
will suffice to broaden and deepen the channels of all future human
thought.
•
Hence the profound significance of the decisions of the Paris Congress,
by which an international scheme for photographically charting the
heavens and cataloguing a large proportion of their contents was set
on foot. Fortunately for its own reputation our Government, after
long delay, has adopted what might have seemed the foregone conclusion that a share in this work is England's right and duty, and has authorized the construction of the requisite instruments for Greenwich a nO.
the Cape. Before another year has elapsed they will be mounted in
their respective places and the recording process, to be carried on simultaneously at fourteen or :fifteen observatories in every part of the world,
will have begun.
Meanwhile Dr. Gill, to whose initiatory energy the approaching realization of this great plan is due, has almost completed a preliminary task
of vital importance to its due accomplishment, as well as to sidereal
science in general. One of the most famous achievements of recent astronomy is the ''Bonn Durchmusterung," a list of 324,000 stars from the
North Pole to 2 degrees south of the equator, observed by Argelander
at Bonn. Until it was compiled the smaller stars were a nameless
crowd with no recognized identity. For the purposes of science they
could scarcely be said to exist. But once
Set in note-book, learned and conned by rote,

their changes could no longer elude notice; and detected change leads
commonly to increased know ledge. A solid foundation was moreover
laid for the study of sidereal statistics, destined, perhaps, to lead to
momentous results at no distant future.
An extension of the " Durchmusterung" to the southern hemisphere
was contemplated from the :first, but was more easy to contemplate
than to execute. No southern observatory was in a condition to undertake a task so colossal. Dr. Schonfeld, Argelander's successor at
Bonn, carried, however, the enumeration as far as the southern tropic,
where it seemed likely to stop, when some surprising photographs of the
great comet of 1882, projected on wide :fields of stars, taken at the
Royal Observatory with the help of Mr. Allis, of Mowbray, opened to
Dr. Gill the possibility of completing Argelander's stellar re-view by
this relatively unlaborious method. And the possibility is rapidly
being converted into an accomplished fact. Two assistants, Mr. C. Hay
Woods and Mr. Sawerthal, are employed every :fine night in exposing plates with instruments, each consisting virtually of two telescopes,
one for concentrating upon the plates the rays of the multitudinous
stars within a :field of 36 square degrees, the other for enabling the
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operator to keep them steadily there until their self-portraiture is
:finished. The whole heavens, southofthe tropic of Capricorn, will have
been covered in duplicate by next April, after which only some supplementary exposures will remain to be made.
Prof. Kapteyn, of Leyden, is meanwhile busy measuring the plates
successively transmitted to him from the Cape, and the resulting catalogue-the first derived from photographs-will probably be in the
hands of astronomers by the year 1892. All stars down to the ninth
magnitude, and many fainter, will be included in it to the number of
fully two hundred thousand. This important enterprise is a private
and personal one. The entire responsibility for it, :financial and other,
is borne by Dr. Gill.
There is a prospect that before another year has elapsed, the vexed
question of the sun's distance will have been definitely set at rest.
The immediate objects of measurement for the purpose with the
Cape heliometer, in combination with some other instruments of the
same class in Germany and America, are three of the minor planetsIris, in October and November, 1888; Sappho and Victoria during the
summer of 1889. The position of the planet between successive pairs
of stars distributed along its path during the favorable period when it
culminates near midnight will be determined simultaneously from opposite sides of the equator according to a method devised by Dr. Gill,
so stringent and insistent for accuracy that the errors admitted by it
must be minute indeed. While celestial surveyors have 270 asteroids
at their disposal to mark the apexes of their triangles, the long gaps
of time between the transits of Venus need be of little concern to them.
To describe the whole of the tasks in progress at the Royal Observatory-the cometary work chiefly in the hands of Mr. Finlay, the first
assistant, the lunar, and planetary observations, the laborious corrections of star places and star motions-would demand more space than
is at our command. What has here been aimed at is merely to indicate the directions in which the activity of the establishment tends to
expand, and to show that these directions are representative of the
present, and must be decisive as to the future of astronomy. There is
room indeed, were the material means at hand, for further expansion,
In the spectroscopic department the Cape record is still a blank. Yet
the wise outlay of a few hundred pounds would suffice to set on foot,
under exceptionally favorable circumstances as to climate and situation, inquiries into the physical condition of southern stars of extreme
interest and inevitable necessity.
There is much to be learned, as well as enjoyed, from a visit to the
Cape Observatory. Not only the work done there, but the manner in
which it is done, is impressive. Lessons of earnestness of purpose,
stability of aim, and cheerful self-devotion can scarcely be missed by
the itinerant lover of astronomy, in whose mind they will be tempered
and illuminated by reminiscences of the beauty of flowers by day and
of the glory of stars at night.
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Many of the terms employed in treating of the properties aud conditions of matter have in eommon use a somewhat vague meaning. The
meaning, so far as clearly outlined, is also only too often different from
that which the physieist intends to convey. As regards terms such as
rigid, solid, plastic, visc·ous, etc., it seems to me that even eminent
geologists are apt to be misled by the popular usage, so that they fall
into error respecting the data which mathematical and physical science
places at their disposal. It thus seems advisable on the present occasion to clear the ground by briefly considering the sense attached to
these terms by the more exact school of physicists. To render the following statements intelligible it is necessary to explain the meaning
scientifically attached to the terms stress and strain. By stress is
meant a force referred to unit of area of the surface across which it
acts; by strain the increase in the distance between two material points
divided by the original distance. For instance, if a vertical bar n
square inches in cross section fixed at the upper end, sustain a load of
t tons, and the load be uniformly distributed over the cross section, t.h e
longitudinal stress is tn, taking the square inch as unit of area and the
weight of 1 ton as unit of force. If a portion of the bar increase in
length from 100 to 100.01 inches, and the increase be uniformly distributed over the portion lengthened, the longitudinal strain is (100.01100) x 10-2 , or .0001.
The writers who have had most influence on the present scientific
usage of English terms dealing with physical properties are unquestionably Prof. Clerk Maxwell and Sir William Thomson. The former
gives the following definitions in his Theory of Heat t: "A body which
when subjected to a stress experiences no strain would, if it existed, be
called a perfectly rigid body. There are no such bodies.
"
* From the L. E. D. Phil. llrfaa., September aud October, 1891; vol. xxxn, pp.
233-252, and 342-353.
t Fifth edition, chapter x x i,
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"A body which when subjected to a given stress at a given temperature experiences a strain of definite amount, which does not increase
when the stress is prolonged, and which disappears completely when
the stress is removed, is called a perfectly elastic body.''
"If the form of the body is found to be permanently altered whe.n
the stress exceeds a certain value, the body is said to be soft or plastic,
and the state of the body when alteration is ju.:;t going to take place
is called the limit of perfect elasticity."
''If the stress, when it is maintained constant, causes a strain which increases continually with the time, the substance is said to be
viscous."
A viscous material may be either solid or fluid. It is regarded by
Maxwell as fluid when any stress, however small, produces a constantly
increasing strain. Maxwell draws a distinction between elasticity of
bulk and elasticity of shape-the latter being peculiar to solids-which
is more fully treated of by Sir William Thomson. A body possesses
perfect elasticity of bulk when on the removal of the stress it returns
to its original volume, even though the form of its surface be permanently altered. Both writers regard it as certain that solid bodies will
retain perfect elasticity of bulk under compressive stresses which far
exceed the limit of elasticity of shape. The following statement embodies the views of Sir W. Thomson*: "If we reckon by the amount
of pressure, there is probably no limit to the elasticity of bulk in the
direction of the increase of pressure for any solid or fluid; but whether
continued augmentation produces continued diminution of bulk toward
zero without limit, or whether for any or every solid or fluid there is a
limit toward whieh it may be reduced in bulk, but smaller than which
no degree of pressure, however great, can condense it, is a question
which can not be answered in the present state of science."
Maxwell, by denying the existence of a perfectly rigid body, maintains that every solid can sustain stress or transmit force only by suffering strain. Thus, on depositing a feather on the most solid block of
iron we produce in the iron a system of strains, infinitesimally small it
is true, but whose existence can no more b'e questioned than the existence across the surface separating the iron and the feather of forces
balancing the portion of the feather's weight left uncompensated by
the air pressure. The hypothesis quoted above from Sir W. Thomson,
that there may be a limit beyond which no body can be compressed, is
not inconsistent with Maxwell's statement. The hypothesis regards
the ratio of the increment of strain to the increment of pressure as ultimately becoming infinitesimally small, but it in no way implies that
this ratio ever becomes absolutely zero.
In a solid bar, supposed perfectly elastic, exposed to longitudinal
stress, the ratio of the stress to the strain is styled Young's modulus. In
many materials Young's modulus varies in magnitude according to the
"Mathematical and Physical Pape1·s, vol. nr, pp. 7-8.
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direction in which the axis of the bar is taken. Thus, in ordinary
woods there is a marked difference between the value of Young's modulus in the direction of the pith of the tree and in any perpendicular
direction. Materials in which Young's modulus is independent of the
direction in which the axis of the experimental bar is taken are termed
isotropic; all others are termed molotropic.
In an isotropic elastic solid it is supposed, on the ordiuary British or
biconstant theory, that the value of Young's modulus, E, alone is insufficient to define the elastic structure, and that some other elastic constant must be known. For many purposes the most convenient additional constant is the ratio of the lateral contraction to the longitudinal
extension-each measured per unit of length-in a bar expo_sed to simple longitudinal traction. For instance, if the diameter of a bar under
uniform longitudinal stress change from 10 to 9·9997 inches the lateral
contraction is 0·00003, and if the longitudinal strain be 0·0001, the ratio
of lateral contractioll to longitudinal extension is 0·3. This ratio is
termed Poisson's ratio, and is represented here by r;.
On the uniconstant theory of isotropy 17 must have the value 0·25,
which certainly accords well with experiments on glass and some of
the more common metals, especially iron and steel under certain conditions.
On the biconstant theory r; may have any value within certain limits.
The existeuce of these limits, it must be admitted, is seldom recognized, and experimental results are . not infrequently referred to which
are inconsistent with the view taken here, viz, that r; must lie between
0 and 0.5. If, however, r; were negative in any material a circular bar
of this material, when subjected to uniform longitudinal tension, would
increase in diameter; while if r; wete gTeater than 0.5, the bar, when
:fixed at one end and subjected to a torsional couple at the other, would
twist in the opposite direction to the applied force. Until these phenomena are shown to present themselves in isotropic materials-and the
experimental verification ought to be easy-it seems legitimate to suppose that when experimentalists deduce values for r; which lie outside
of these limits, their experiments refer to bodies whose constitution is
different from what is assumed in their mathematical calculations.
The properties attributed to an isotropic elastic solid by the ordinary
mathematical theory are as follows:
(A) The strain must be elastic, i. e., it must disappear on the removal
of the stress.
(B) The ratio of stress to strain must be independent of the magnitude of the stress, or, in Prof. Pearson's words, the stress-strain relation must be linear.
(0) The strains must be small.
(D) The values of Young's modulus and Poisson's ratio in a bar of
the material must be independent of the direction in which the axis of
the bar is taken.
H. lVIis. 334, pt. 1--9
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The last property alone distiugui8bes i :w tropic from rnolotropic elastic
solids.
(A) answers to Maxwell's definition, but (B) and (C) are not assumed
by Maxwell. In other words, a solid may be perfectly elastic without
showing a linear stress-strain relation, or possibly even after the strains
have become large. Thus, for the sake of clearness, I shall call Maxwell's limit of perfect ela8ticity the physical limit, and the limits supplied by (B) and (C) the first and second mathematical limits respectively.
It is not infrequently taken for granted that the physical and the
first mathematical limit are necessarily identical, i.e., that the elasticity
is certainly not perfect when the stress-strain relation ceases to be
linear. According however to some experimentalists cast iron is as
perfectly elastic as any other metal in the sense of Maxwell's definition,
but the stress-strain relation for even small strains is sensibly not
linear.* This is, of course, a question for experimentalists to decide,
but in any case where their final verdict is, that the stress-strain relation is sensibly not linear, the employment of the ordinary mathematical theory is unjustifiable. It must be admitted that the principle (C)
is a very vague one, leading to no exact limit, and that it seldom receives any very formal acknowledgment. It is, however, clearly recognized, and a reason for it assigned in the following statement, due to
Thomson and Tait: t "The mathematical theory of elastic solids imposes
no restrictions on the magnitudes of the stresses except in so far as that
mathematical necessity requires the strains to be small enough to ctdm'it of
the principle of super-position." The italics are mine. The meaning is
that the strains must be small fractions whose squares are negligible
compared to themselves. If this principle be negleCted and the mathematical equations be supposed to apply when the strains are large, the
difficulty of giving them a consistent physical interpretation is very
great if not wholly unsurmountable.
In most materials having any claim to be regarded as elastic solids
the stress-strain relation for most ordinary stress systems certainly
ceases to be linear while the strains are still small. vVe shall thus in
the meantime leave the condition (C) out of account, though we shall
have to return to it in treating of the so-called "theories of rupture."
The existence of the properties (A), (B), (D), presupposed by the
mathematical theory, is determined not solely by the chemical constitution of the body, but also by the treatment to which it has been subjected. Thus a freshly annealed copper wire may, when loaded for the
first time, be far from satisfying conditions (A) or (B), and yet by the
process of loading and unloading it may be brought into a state of ease,
wherein these two conditions are very approximately, if not exactly
*See Todhunter and Pearson's History of Elasticity, vol.
891-893.
t Nat. Ph,i l., vol. I, part n, p. 422.

I,

art. [1411] and pp.
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fulfilled, so long as the stress does no exceed a certain limit. Again,
the fact that a large mass of metal is sensibly isotropic is no sufficient
reason for attributing isotrophy to the same metal when rolled into
thin plates or drawn into thin wires.
It is quite possible that the three conditions (A), )B), and (D) represent an ideal state which is never actually reached, and that a divergence may always be shown by the use of very delicate apparatus. If
this be true, then the results obtained by the mathematical theory can
not claim absolute correctness. It seems however to be satisfactorily
established that many materials in the state of ease satisfy these conditions with at least a very close approach to exactness, so that the
results of the mathematical theory when properly restricted are then
sufficiently exact for practical purposes.
From the preceding statements it will be seen that it is of the utmost
importance to know what are the limits within which the conditions
assumed by the mathematical theory are satisfied w1th sufficient
exactness to justify its application. This question must of course be
settled by experiment, but it is beset by various difficulties which ought
to be clearly recognized. These arise in part from the serious obstacles
in the way of a complete experimental knowledge, and in part from
the want of a proper understanding between those interested in the
practical and theoretical sides of the subject, and a consequent confu•
sion in the terms used.
To avoid complication let us begin by supposing the mathematical
limit of perfect elasticity to coincide with the physical. Let us consider the simple case of a bar under uniform longitudinal traction. We
may suppose the bar isotropic, and in consequence of suitable treatment perfectly elastic for loads not exceeding L 1• No mechanical
treatment, we shall suppose, can render it perfectly elastic for loads
greater than Lz. It does not follow that a load L 2 will necessarily rupture the bar either immediately or in course of time, but simply that
for any load greater than L 2 the strain is not perfectly elastic. Increasing the load from zero we should reach a load L 3, probably greater
than Lz, that would in process of time rupture the bar, or a load L 4
gTeater than L 3 that produces immediate rupture. All these loads are
supposed to refer to unit of area.
Now in the initial state of the bar we should be entitled to apply the
mathematical theory only until the load L 1 was reached. When we
aim at finding the utmost capability of the material under longitudinal
load, we may perhaps apply the theory until the load L 2 is reached, but
here we must stop. To apply it until the loads L 3 or L 4 are reachedassuming these greater than L 2-is clearly inadmissible.
Results of a similar kind hold for all the comparatively simple forms
of stress-such as pure compression, torsion, or bending-in which
practical men are interested. There are limits to the state of perfect
elasticity lower than the limits at which rupture takes place, at least
immediately.
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The usual aim of the engineer is that no part of the structure he is
designing should ever be strained beyond the elastic limit, and this
end he of course desires to obtain with the least possible expenditure
of material. Thus ideally he might be expected to calculate the dimensions of each piece, so that for the maximum load it is to be subjected
to it shall just not pass beyond the limit of perfect elasticity. There
are however in general agencies, Ruch as wind pressure, dynamical
action of a moving load, etc., whose effects are not very fully understood and whose magnitude can not always be foreseen. 'Ihus it is
the custom to allow a wide margin for contingencies. Now the limit
of perfect elasticity seems the natural quantity to employ in allowing
for this margin, but the uncertainties attending its determination are
such that it is customary to employ the breaking load instead. The
breaking load for the particular kind of stress the member in question is
to be exposed to is divided by some number, e. g., 4 or 5, called afa,ctor
of safety, and the dimensions of the member are calculated so that its
estimated load shall not exceed the quotient of the breaking load by
the factor of safety. The engineer ,!aries the faG-tor of safety according to the nature of the load, and according to the confidence he possesses in the uniformity of the material and in the completeness of his
knowledge as to the vicissitudes the structure is exposed to. It has
thus come to pass that attention has been largely directed to the
breaking loads, and theories.have been constructed which aim professedly at supplying a law for the tendency to rupture, under the most
general stress systems possible, of materials whose rupture points have
been found under the ordinary simple stress systems employed in
experiment.
There are only two such theories of rupture for isotropic materials
that at present possess any general repute. To understand them the
reader requires to know that for any stress system there are at every
point in an isotropic elastic material three principal stresses along three
mutually orthogonal directions, and likewise three principal strains
whose directions coincide with those of the principal stresses. If an
imaginary small cube of the material be taken at the point considered
with its faces perpendicular respectively to the three principal stresses,
then no tangential stresses act over these faces. In a bar under a uniformly distributed longitudinal stress L per unit ot cross section, two
of the principal stresses are everywhere zero, and the third is parallel
to the axis and equals L. If E be Young's modulus, and r; Poisson's
ratio for the material, supposed isotropic and elastic, the greatest principal strain is everywhere L jE and its direction is parallel to the axis.
The two remaining principal strains are each ~77L / E and they may be
supposed to have for their directions any two mutually perpendicular
lines in the cross section of the bar.
One of the theories referred to above is, that when the algebraic difference between the greatest and, least of the principal stresses at any

PHYSICS AND MATHEMATICS TO GEOLOGY.

133

point-a pressure being reckoned negative-attains a certain value,
rupture will ensue at this point. Thus, if in descending order of magnitude, the principal stresses at a point be T 1, Tz, T 3, then T 1 -T 3 is the
stress difference* at this point, and the theory asserts that rupture will
ultimately ensue if the stress difference anywhere equals L3, the load for
ultimate rupture of a bar of the material by longitudinal traction; while
if the stress difference anywhere equals L 4, the load for immediate rupture by longitudinal traction, then immediate rupture will ensue.
The second theory, which is supported by the great authority of de
Saint-Venant,t replaces the stress difference of the first theory by the
greatest strain. It thus asserts that the condition for rupture is found
by equating the largest value found anywhere for the greatest strain
to the longitudinal strain answering to longitudinal traction L3, or to
that answering to the traction L 4 , according as the rupture is ultimate
or immediate. This theory maintains that extension in some direction
is necessary for rupture.
The two theories may, as in the case of pure longitudinal traction,
lead to the same result; but in general they do not, so one at least of
them must be wr0ng; When we examine the theories, still supposing
the mathematical and physical limits of perfect elasticity the same, a
very obvious difficulty} presents itself. It is assumed that the stressd.ifference and greatest strain are derived by the mathematical theory;
but that theory applies only so long as the material is everywhere perfectly elastic, whereas rupture, at least when immediate, presents itself
after the elastic limit has been passed. Thus if the application of the
mathematical theory leads to values for the :maximum stress difference
and greatest strain equal to the values of these quantities answering
to rupture, at all events when immediate, the true conclusion would
seem to be that the fundamental hypothesis on which the treatment
proceeds, viz, that the material follows the laws assumed by the mathematical theory, bas been shown to be incorrect. N otliing has been
proved except that the elastic limit must be passed and that the mathematical theory does not apply.
The only logical way of interpreting the theories is to suppose that the
maximum stress difference and greatest strain are to be compared not
with the values that answer to rupture, but either with those that
answer to the limit of perfect elasticity or with those derived by dividing
the values answering to rupture by some factor of safety. This factor
must then be large enough to prevent the limit of perfect elasticity being
passed. Thus from either point of view we encounter a formidable. difficulty, viz, the uncertainty of what is the limit of perfect elasticity.
* See Prof. Darwin, Phil. Tmns. , 1882, pp. 220, 221, etc.; also Thomson and Tait's
Nat. Phil., vol. I, part n, p. 423.
t See Pea,rson's The Elastical Besem·ches of Ba1Te de Saint- Venant, art. 5 (c), etc.
:j: Ibid. art. 4 (y), 5 (a), &c.
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We have supposed that a bar~may be brought into a state in which
it is perfectly elastic for longitudinal tractions not exceeding L 2 • Answering to this we have L 2 for the stress difference, and L 2 / E for the
greatest strain. Now if the two theories described above really apply
to the limit of perfect elasticity, the one would seem to maintain that
L 2 is the limiting value of the stress difference, the other that Lz/E is
the limiting value of the greatest strain for all possible stress systems
in material of the same kind as that in the bar. The complete experimental proof or disproof of such theories is not likely to be easy. Thus
taking for instance the case of longitudinal traction, suppose it were
shown that a certain method of treatment which raises the elastic limit
for load parallel to the axis of a bar does not raise the elastic limit for
longitudinal load in a bar whose length lay in the cross section of the
original bar. This would only suffice to prove that the treatment
adopted did not give a fixed elastic limit the same for all kinds of
strain, it would leave the possibility of such a limit being obtained in
some other way an open question.
In the preceding remarks the mathematical and physical limits of
perfect elasticity have been supposed identical. When they differ, the
mathematical limit is of course that which must be employed in determining the range of the mathematical theory. It will certainly not exceed the physical limit. I may add that while for certain structures
such as isolated boilers the physical limit may most nearly concern the
practical engineer, in other structures, such as girder bridges, the
stress-strain relation is assumed to be linear in designing the s~veral
parts, so that the first mathematical limit is then of the utmost practicai importance.
In the previous discussion of the stress-difference and greatest-strain
theories, as settling the limits of application of the mathematical
theory, it has been taken for granted that the condition (0) was safeguarded by them. Now in most ordinary systems of loading this is
probably the case, but it is not always so. For instance, if we assume
the mathematical theory to hold, a solid isotropic sphere under a
uniform surface-pressure shows none but negative strains, and the
three principal stresses are everywhere equal. Thus the greatest
strain is everywhere negative, and the stress difference everywhere
zero. This is true irrespective of the magnitude of the surface pressure,
and so, according to both theories, the stress-strain relation would be
linear and the mathematical theory would apply, however large the
pressure was. According to the theories, one might continue to employ
mathematical formuliD which indicated a reduction of the sphere to onemimonth of its original volume. It is obvious, however, that a reduction of the volume by even a tenth would produce strains which a1e
probably far in excess of those admitted by the principle (0). In
formulating an objection to the universal application of the theories, I
have preferred to attack them on the side of the principle (0) so as to
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show clearly that the high authority of Thomson and Tait. i1:1 on my
side. The example considered raises however what seems to me at
least an equally strong argument against the theories from the side of
the principle (B). For we must remember that the stresses inside the
material are determined by the intermolecular forces. Now whatever
'llolecules may be, and however they may act on one another, it seems
incredible that the molecular forces should lead to one and the same
stress-strain relation, however much the mean · molecular distance may
be reduced. The fact that Sir W. Thomson regards the existence of
an irreducible minimum volume as possible may, I think, be taken as
proof that he is opposed to the view that it is possible for the stressstrain relation to remain linear under such circumstances. It thus
seems to me, on various grounds, that the inevitable conclusion is that
while one or other of the two theories may, under ordinary circumstances, be sufficient to define the limits of the mathematical theory,
the result must always be checked by reference to the condition (0),
or, what comes to the same thing, we must give up the mathematical
theory when the strains it indicates are such as would markedly alter
the mean molecular distance.
I next proceed to discuss the possibility of the earth's possessing an
elastic solid structure, deriving the necessary data from three papers
published in the Transactions of the Oa1nbridge Philosoph-ical Society.
For brevity these will be referred to as (a),* (b),t and (c).t
The strains due to the action of the sun and moon being comparatively insignificant, we need consider only the ''centrifugal" forces due
to the earth's diurnal rotation, and the gravitational forces due to the
mutual attraction of its parts.
The data supplied by geology do not enable us to formulate any likely
theory as to a probable distribution of density and elasticity throughout the earth regarded as an elas~ic solid. All we know with certainty
is that the surface strata are on an average considerably below the
mean density, that they differ widely in character, many being markedly
molotropic, and that frequently they are far from horizontal. Thus,
as our object is merely to consider what are the possibilities on the
hypothesis of solidity, it will be best to make the hypothesis as simple
as possible. Now, if the deviations from the earth's mean density and
from au isotropic elastic structure were limited to the surface strata,
where alone we are certain of their existence, the effect of the '' centrifugal" forces would be nearly the same as if these deviations did not
exist; but the effect of the gravitational forces on the eccentricity of
the surface may depend largely on the nature of the deviations. I thus
propose to treat the problem in stages.
The first stage neglects entirely the gravitational forces and regards
the earth as a slightly spheroidal body-which bas departed from the
spherical form in consequence of its rotation-of uniform density and
"Vol. XIV, pp. 250-369.

t Vol. XIV, pp. 467-483.

tVol. xv, pp.l-36.
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of the sams isotropic elastic structure throughout, rotating with uniform angular velocity w about its polar axis.
Let a denote the mean radius, d the difference between the equatorial
and polar semiaxes of the surface, E Young's modulus, and 71 Poisson's
ratio for the material. Then the ratio d : ct is given for various values
of 17 in the following table:*
TABI.E

lj =

I

~__,__ ~ a!_ =
a
E

0

0.25

0.3

- - - -- 0.:286

I

0.2

I.

0.330

0.341

0.352

0.4
--

0.373

0.5

-

0.395

I

In the case of an originally spherical solid assuming the shape of the
earth under rotation, it is of no practical importance whether we re ·
gard a, as the radius of the original spherical surface, or as the mean
radius under rotation, nor does it matter practically whether the density
be supposed uniform previous to or during the rotation. There is, it
is true, for all values of r; except 0.5, a slight increase in the volume, t
and consequent diminution in the mean density accompanying the rotation, but for our present purpose this may be neglected.
The mathematical solution on which Table I is based treats the
spherical surface of radius a as that over which the conditions for a
free surface are satisfied. Now, some uncertainty may exist, depending
on the physical interpretation put upon the mathematical equations,
whether these surface conditions should be applied over what is the
surface before the displacement-in this case the surface of the true
sphere which it is assumed the earth would form if the rotation disappeared-or over what i~ the surface dnring the rotation. This uncertainty might constitute a very serious difficulty if the deformations
were supposed to b e large, a contingency which may arise when the
limitation (C) in the magnitude of the strains is neglected; but in such
problems as the present where the strains are, as we shall see presently,
of the same order of magnitude as occur in ordinary engineering structures, it is of no material consequence. In the present case complete
assurance on this point may be derived from Figs. 1 and 2, Pl. II of'
(c), which show the changes induced by rotation in the equatorial and
polar semi-axes of spheroids of various shapes.
For given values of d, a, oo, and p, Table I shows that E and 77 increase together. Giving m the va.lue it has for the earth, and assuming
p=5.5, a=3950, d=13.25, l find for the values of E, mea~ured in grams
weight per square eentimeter, answering respectively to the values 0,
0.25, and 0.5 of 17, the approximate numbers
1020xl06 , 1220xl06 , and 1410xl06
" See (a) formula (5) p. 287; or (c) Tables nr, v, and vr.
t See (b) Table n, and compare Tables v anu vr of (c).
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It is obvious from Table I that to equal increments in 17 there correspond nearly equal increments in E; thus the numbers given above
will enable a sufficiently close approximation to the value of E for any
other value of 17 to be immediately written down.
•For the sake of comparison with the values found for E in some of
the commoner materials under ordinary conditions I append the following data, taken from Sir W. Thomson's article on Elasticity in the
Encyclopredia Britannica. The units are the same as above.
II.

TABLE
V~lues

of E/lOB.

I

~------1 ';'!:.,~~d Copp"· l Slato.l
1

Highest value ...

-~

I Lowest value . . . . .

2953 1
984 I

125{
1052

I

1120
910

Zino

I

II

J.'t'g:~ Lo"l·l

955 1
350
873 . . . . . . . .

1991
51

This table will give a general idea of the limits within which E may
reasonably be expected.to lie, though some of the data refer to material which is hardly likely to have been isotropic. It shows that if the
influence of the gravitational forces on the eccentricity were negligible,-wbich however is not the case,-the earth, though perfectly solid
and elastic, might reasonably be expected to display not a smaller, but
a considerably greater eccentricity than it actually does.
The question n'ext arises whether the strains and stresses produced
by the rotation are such as are consistent with the principles on which
the application of the mathematical theory rests. In the actual case
of the earth this question is of importance only in exceptional circumstances, owing to the preponderating influence of the gravitational
forces; still it possesses sufficient interest to claim separate consideration. The following table gives a sufficiently close approximation to
the numerical results obtained for the rotating body treated above,
wheti forE are substituted the values which answer to the production
by rotation alone of an eccentricity equal to that of the earth.
TABLE

III. *
•5

·25

l) =

------------·- ---------Maximum stress-difference in tons weight
3?1
32
per square inch.--· .. ·-- .............. - .
32i
Greatest strain . __... ____ .... _.. _____ .... .
0 ·00-!0
o·oo;~
o·OOI8
j

Longitn<linal stress in tons per square
ineh whieh woulcl produce a strain
eqnal to th e greatest strah1. _. __ ....... _

I
26

23

1

16
1

* See (c) Tables ur, vu, an<l

IX.
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The maximum stress-difference and the greatest f;train, as given in
the table, are both found at the center.
The result on the stress-difference theory is nearly independent of 17,
and is more unfavorable in every case than that given by the greatest
strain theory to the view that the material remains perfectly elastic.
A stress of 16 tons per square inch is not one that an engineer would
view with complacency in any structure intended to be permanent, but
it is a low value for the tenacity of good wrought iron. A stress of
even 33 tons per square inch can easily be borne without rupture by
g·ood steel, and is perhaps not in excess of the stress under which the
best steel _remains perfectly elastic. The greatest strains are not of
such a magnitude as to raise any presumption against the linearity of
the stress-strain relation. Thus, according to all the tests, it is quite
possible that an originally spherical solid of the earth's mass but
devoid of gravitation should remain solid and elastic while assuming
the form of the earth under rotation. Its material, however, at least
if homogeneous and isotropic, would require to possess an unusually
high limit of l)erfect elasticity.
The next subject for consideration is how the question is affected by
the existence of gravitational forces such as are found in the case of the
earth. The strains and stresses in a slightly oblate spheroid, treated
as an isotropic elastic solid, all consist of two parts, the :first part being
the same as if the surface were truly spherical, the second depending
on the eccentricity. It is the second parts that represent the action of
the gravitational forces in modifying the eccentricity, but these parts
are in general insignificant so far as the question of the applicability
of the mathematical theory is concerned. I shall therefore postpone
consideration of them until an account has been given of the strains
and stresses which are independent of the eccentricity.
The mathematical difficulties in applying the ordinary theory to the
case of a homogeneous solid gravitating sphere are trifling, but the
difficulty of putting a physical interpretation upon the mathematical
expressions answering to most values of 17 is such as very forcibly to
call attention to the necessity of the limitation (C). Since the gravitational force at an element of a solid sphere depenus not only on the total mass which lies nearer the center than does the element, but also on
its absolute distance from the center, we must assume that the equations
supplied by the ordinary mathematical theory, if they apply at all, hold
for the position of final equilibrium after the deformations have taken
place. This seemingly requires that strain should be defined as the
ratio of the increase of length to the :final length, which is not in accordance with the usual interpretation of Hooke's law unless the square
of the strain be negligible. Supposing the internal equations to refer
to the final deformed condition, the surface equations will undoubtedly
also refer to this condition. Thus, so far as the terms independent of
the eccentricity are concerned, we may supp~se the mathematical theory

139

PHYSICS AND MATHEMATICS TO GEOLOGY.

applied to a sphere whose density pis uniform throughout, and whose
radius a equals the earth's mean radius.
In this case the maximum stress-difference and the algebraically
greatest strain are both found at the surface. Let us denote these by
S and s respectively; and let s0 denote the greatest compression, which
occurs at the center, and ua the radial displacement at the surface.
Employing E and 17 as before, and denoting by g the acceleration due
to the sphere's attraction at its surface, I find*
~

1
1-2'7
S =5gpa 1-q'
2 gpa ry(l-2ry)
8
= 5E
1-q '
3 gpa (1-2ry) (1-ry/3)
So= -10 E
1-ry
'
1 gpa 2
Ua= -5E (l-2ry)

(1)
(2)
(3)
(4)

Assuming for a moment these results to hold for a sphere in which
g =gravity t at the earth's surface, p = 5·5 times the density of water,
and a= 3950 miles, the following are the approximate numerical values
answering to the values o, ·25, and 0·5 of 17:
TABLE

IV.
0•25

7]=

0·5

1-----------------------------l---------------S, in tons weight per square inch . . . . . . . . . . . . . .
Longitudinal stress E s, in tons weight per ~
square inch, which would produce a strain 8. 5

4440

-s0 (see below)-·············-····-···-···-·....

1·03
2700

-ua, in miles (see below) .... _... __ .............

2960
1480
0·53
1130

0

0

For a given value of 17 the value of Sis independent of E. It diminishes continually as 17 increases from zero. Since the value of s depends
onE, I have given the value of Es, or the longitudinal stress which
would produce in a bar of the material a strain equals. The value of
Es has a maximum of about 1,520 tons weight per square inch, for 11=
] - vl/2 or 0.293 nearly.
For r1=0·5 the values s0 and ua are zero supposing E finite, but for
other values of 17 one can obtain numerical measures of these quantities
only by assigning numerical values to E. Now, if the earth were an
elastic solid truly spherical but for its rotation, the value of E answering to a given value of 17 would be determined from the eccentricity of
the surface. But the action of the gravitational forces, as will be seen
*See (a) formulre (17), (18a), and (19a), p. 281.
t 'fhe calculations treat the attraction on a cubic centimeter of water at the surface as equal to the weight of 1 gram. In reality of course "gravity" includes the
''centrifugal" force.

140

SOME APPLICATIONS OF

more clearly presently, largely reduces the eccentricity which rotation
would produce in a sphere of given material. Thus the eccentricity
varying inversely as E, t:he value of E answering to a given eccentricity is necessarily considerably smaller when gravitational forces act
along with the" centrifugal" than when the latter act alone. Since the
surface strata are very variable and of much smaller mean density than
the earth as a whole, any calculation of the reduction of our estimates
of E, when gravitational forces are allowed for, which treats the earth
as of uniform density can not lay claim to great accuracy. For this
reastm, and also because I am specially desirous not to overstate the
case against the application of the mathematical theBry, I have, in calculating the values of s0 and ua in Table rv, a.scribed to E the values it
would possess in the total absence of gravitational forces, viz., the
values 1020 x 106 for 17 =0 and 1220 x 106 for 1(=0·25 in the same units as
before. The numerical values ascribed t o s0 and ~ta in the table are thus
essentblly minima, which would in reality have to be iucreased probably to a considerable extent.
It will be seen fi·om the formulrn and from Table IV that when 17 is
zero or is small, the application of the mathematical theory would. he
fully justified on the greatest strain theory, while utterly con<leihned
on the stress-difference theory. The principle (0) is in this case entirely in agreement with the stress-difference theory, and the application of the mathematical theory can in fact be supported only by those
who reject this principle, and consider it possible for the . stress-strain
relation to remain linear though a solid sphere is reduced to one-fourth
or less of its original volume.
Noticing from (1) and (2) that Es j S=217, we see that for all values of
17 less than 0·5 the stress-difference theory is less favorable to the view
that the mathematical theory is applicable than the greatest-strain
theory. If there is any truth in either theory, the earth's material
can not possibly possess a linear stress-strain relation for values of 17
such as 0·25 (i. e. with a structure such as that of the metals) unless it
be of a strength compared to which that of steel is insignificant. For
such values of 17 the strains are also enormously in excess of those
which can be admitted according to the principle (C).
When, however, 17 approaches the limiting· value 0·5 a complete
change comes over the features of the case. The maximum stress
difference and all the strains diminish, eventually vanishing when
q=·5. Thus none of the objections hitherto encountered can be urged
against the application of the mathematical theory when 17 equals or
nearly equals 0·5. To the exact value 0·5 of 1J there is, I admit, a physical objection, which would doubtless have been urged by Maxwell, viz,
that, supposing Young's modulus to be finite, this implies the material to be absolutely incompressible. There is however no obvious
·~Stewart and Gee, in their Elementa1·y Practical Physics, vol. I, p. 192-195, give
data from which they conclude that india-rubber is such a material.
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physical objection to the hypothesis that the materi;1l is very nearly
incompressible, i.e. that 0•5-77 is very small;* and an isotropic sphere
with such a structure would, according to all our tests, remain perfectly elastic when possessed of the earth's mass and exposed to its
gravitational forces.
In our previous estimate of the value of E the action of the gravitational forces inreducing the eccentricity was not taken into account..
If the principles we have laid down as regulating the applicability of
the mathematical theory be conceded, we need only consider the case
when 0·5-r,ds very small; and since the formulre sLow that in this
case a small variation in the value of 'I is of little consequence, we may
for simplicity suppose 17 =0·5 exactly.
In order to show the nature of the uncertainty that must in reality
be attached to the result, it seems desirable to give a general idea of
the way in which the existence of gravitational forces affects the eccentricity. Let us imagine, then, that over the surface of a perfect sphere
weightless matter is piled up, which transforms the surface into that
of a slightly oblate spheroid whose polar and equatorial semiaxes are
respectively a-2d j3 and (~.;+d / 3. Now suppose the heaped-up material to become heavy. The pressure it ex~rts on the surface below it
is greatest in t.he equator and is zero at the poles. Thus the originalJy
spherical surface will tend to sink at the equator and to rise at the
poles; consequently the differenced between the equatorial and polar
semiaxes of the sphroidal surface will diminish, but the diminution iS"
clearly less the smaller the density of the heaped-up material.
It must be understood that tllis does not profess to be a complete
account of what actually happens; but it may suffice to show that the
gravitational forces tend to reduce the eccentricity which the centrifugal forces teud to develop, and also that this reduction may depend
largely on the density of the surface layers. If the departure of the
surface layers from the earth's mean density occurs mainly near the
equator, then the action of the gravitational forces in reducing the
eccentricity may be much less than it would seem to be on the hypothesis of an earth of uniform density.
Treating the density as uniform and r; as equal; 0·5, I find that, for
a given value of E, the existence of the gravitational forces would in_
such a case as that of the earth reduce the difference between the1
equatorial and polar diameters called for by the rotation in the ratio of'
9 : 40 approximately*. Thus, for a given eccentricity, the value of E :
when the gravitational forces act is to its value when the centrifugal
forces alone exist as 9 : 40. So in the supposed case of the earth, we .
should have to reduceEfrom 141 x 107 to 32 x 107 grams weight per square·
centim. The maximum stress-difference reduces to 7·2 tons weight per ·
square inch. The greatest strain remains 0.0018, as before, but it would
answer to a purely longitudinal stress of only 3·6 tons per square inch.
*Cf. (a) formula, ~~1), }). 283, and (5),

:P· 287.
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Owing to the less density of the surface strata these reductions may be
considerably too great, so that it is advisable to regard 32 x 107 as essentially a lower limit to the value of E. As stated above, the numerical
result for the value of E would be but little altered if we supposed 1J
slightly less than 0·5; but unless 0·5=17 be very small, the terms independent of the eccentricity become of importance in estimating the
maximum stress difference and greatest strain.
The conclusion to which the previous investigations leads is that none
of the principles at present recognized in the biconstant theory of
isotropy are opposed to the hypothesis that the earth possesses in its
interior an isotropic elastic solid structure with a linear stress strain
relation, provided its material be very nearly incompressible. But the
hypothesis that the material in the interior shows an isotropic, elastic
structure, such as that of the ordinary metals under the ordinary conditions, to which they are exposed on the earth's surface, can be maintained only by those who are prepared to reject the usual theories of
the rupture, the limitation (0) in the size of the strains, and the argument introduced here from the theory of intermolecular forces. This
raises no presumption against the hypothesis that the interior is in a
perfectly solid state, and possessed of such a chemical constitution,
say, as iron, if it be admitted that it is of a material in which the linearity of the stress-strain relation ceases when the compression becomes
large.
The results obtained raise no presumption for or against the theory
that the earth is in a liquid or plastic state. They merely show that
any argument against the possibility of an elastic solid .structure in a
body of the earth's form is without foundation; and that any argument
based on the destructive tendency of the enormous gravitational forces
in a solid of its mass is inconclusive, even as directed against such
structures as are compassed by the ordinary mathematical theory. It
has not been shown that an ooolotropic solid structure of some kind, or
of a variety of kinds, may not satisfy all the conditions as well as or
even better than a nearly incompressible isotropic material. The presumption is, in fact, that the conditions may be satisfied in an infinite
number of ways.
It must be borne in mind that there may be fatal objections to an
elastic solid Rtructure which do not arise immediately from the theory
of elasticity. Such an objection may arise from the rapid increase-with
the depth shown by the temperature near the earth's surface. My
principal reason for referring to this is to point out that the common
argument against the production of fluidity by the high internal temperature (viz, an assumed raising of the melting point by pressure) has
just as much weight for a nearly incompressible solid earth as for any
other, because while the stress difference in such an earth is small the
internal pressures are very large.
Before passing to the :second part of the paper, I have to confess that
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there is no reason to belieye that some of the limitations assigned here
to the application of the mathematical theory will be accepted by all
or even by a majority of the elasticians. In fact, the mathematical
theory has actually been applied by several recent writers under circumstances when most or all of the limitations proposed here are violated. For instance, this is to a certain extent the case in Prof. Darwin's paptjr* "On the stresses caused in the interior of the earth by
the weight of continents and mountains." In the principal part of the
paper he supposes 17=0.5, when, as we have seen, none of the objections
apply; but in his § 10, in order "to know how far the results - - may differ, if the elastic solid be compressible," he supposes that while
the rigidity constant is finite the bulk modulus is very small. In other
words, he applies mathematical formula which assume 17 as nearly equal
to -1. Such a value has been here regarded as impossible. It should
also be noticed that if 17 were equal-1 then E would vanish, and if
17 be nearly -1 the value of E must be very small. Thus the strains and
displacements given by equations 2 to 4 would, in the case supposed
by Prof. Darwin, be enormously greater than even those given in Table
IV. I do not observe, however, that either in the paper itself or in
one supplementaryt to it Prof. Darwin makes any explicit reference to
the terms in the strain independent of the angular co-ordinates, from
which the equations 1 to 4 are derived. I am thus unable to say
whether his neglect of the limitations that these terms are here regarded
as setting to the application of the mathematical theory is intentional
or not. Again, in a recent paper t ''On Sir William Thomson's estimate of the rigidity of the earth," Mr. Love has also considered the problem of the earth treated as an isotropic elastic sphere, more especially for
the value of 0.25 of r;. In his equations 14 and 18 Mr. Love determines
the values of two arbitrary constants which occur in the terms independent of the angular co-ordinates, and it is easily seen that the expression he would thence obtain for these terms is identical with mine.§
After determining the second constant he however dismisses the subject with the remark, "This - - - gives the mean radial displacement, a matter which need not detain us here." So far as I can see,
Mr. Love makes no reference to any principle such as 0, nor to the
possibility of the stress-strain relation ceasing to be linear.
I ought also to explain that in my paper (a), directing my attention
solely to the theories of rupture, I left out of sight any such limitation
as (B) or (C), and treated the case of an earth in which r;=O as one in
which, according to the greatest-strain theory of rupture, the mathematical theory was applicable. I also failed to notice that the case
17=0.5 was sanctioned by the greatest-strain theory as well as by the
stress-difference theory.
* Phil. Trans., 1882, pp. 187-230.
t Pr·oceedings of the Royal Society, vol. xxxvnr (1885), pp. 322-328.
t Trans. Carnb. Phil. Soc., vol. xv, pp. 107-118.
§ (a) Equation (17), p. 281.
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The belief that the present spheroidal jorrn of the earth necessarily betokens a previous liquid, or at least, plastic, condition seems
among geologists almost as universal as the belief that the earth but
for the development of rotation must have been a spherical body.
Whether this latter conclusion has any &atisfactory basis apart from
philosophical speculations it is not my present object to inquire. But
supposing, for the sake of argument, that the natural form of the earth
as undisturbed by rotation is spherical, the conclusion that it ever was
in a liquid or even in a plastic state throughout is, according to the
preceding results, not established by its present spheroidal form. Yet
even in such a standard work as Geikie's Text-book of Geology, after
reading the discussion on p. 12 and the foot-note attached, I fail to detect a trace of the idea that the polar flattening might be called forth
by rotation in a truly solid body.
Various geological writers,- it is true, speak of a solid earth as capable of changing its form, but they seem in reality to regard the change
as clue to rupture or to the development of a plastic condition. This
appears, for instance, to be the view actually held by Mr. Herbert
Spencer in a short paper * entitled "The Form of the Earth no proof of
Original Fluidity." This paper has been referred to with a somewhat
inaccurate conception of its value and results by two recent geologi.c al
writers, so it claims some notice at our hands. The first of the two
writers referred to, Mr. vV. B. Taylor,t says: "It is now nearly forty
years since Herbert Spencer, with a juster physical insight [than Sir
W. Thomson and Prof. Tait], contended and satisfactorily showed that
a solid earth (of any shape) would assume the oblate spheroidal form
due to its rate of rotation, as certainly and promptly as if it were
liquid." The other writer, Mr. A. Blytt,t amongst other referenc~s to
the paper says, " I believe that Spencer is the first who expressed the
opinion that even a solid earth can change its form."
Mr. Spencer, after some statements as to the relative strength and
agility of large and small animals, such as elephants and fleas, formulates the general resnlt that the strength-called also "resistance to
fracture "-of a solid structure varies as the square of its linear dimensions, while the " agencies antagonistic to cohesive attraction," i. e.,
gravitational and "centrifugal" forces, etc., vary as the cube. Excepting a statement that this is obviously true of simple longitudinal and
torsional stress, the following is the sole proof of his very general law
supplied by Mr. Spencer: "The strength of a bar of iron, timber, or
other material subjected to the transverse strain varies as BD 2JL; B
*Phil. Mag., 1847, [3] vol. xxx, pp.194.-196.
t AmeTican JottTnal of Science, 1885, vol. xxx, pp. 258,259.
t Phil. Mag., May, 1889, p. 415. Translated from Nyt Magazin fo1' Natu1·videnskdbe1'ne, 1889, Bd. XXXI. Sn~ithsonian Report, 1889: p. 333.
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being the breadth, D the depth, and L the length. Suppose the size
of this bar to be changed, whilst the ratios of its dimensions continue
the same; then
- the strength will varyasD 2 "(p.195).
The following is the conclusion drawn by Mr. Spencer: "Viewed by
the light of this principle, the fact that the earth is au oblate spheroid
does not seem to afford any support to the hypothesis of original fluidity as commonly understood. We must cousider that in respect of
its obedience to the geo-dynamic laws, the earth is fluid now and must
always remain so; for the most tenacious substance with which we are
acquainted, when subjected to the same forces that are acting upon the
earth's crust, would exceed the limit of self. support determined by the
above law, before it attained T;-fn><>.ioo-;o<nr of the earth's bulk" (p.196).
Perhaps if one knew what Mr. Spencer means by ''the limit of self
support," and what is the exact distinction he draws between "fluidity
as commonly understood" and~' fluidity in respect of obedience to geodynamic laws," one might be in a position to form some estimate of his
degree of physical insight; but so far as I can see all he satisfactorily
shows is an extraordinary agility in jumping to conclusions. If his
meaning is that deformation must accompany the action of gravitational and centrifugal forces, he might, if Maxwell's view be correct,
have added to the denominator of his estimate as many O's as the
printer could spare; but if it is the rupture of an elastic solid or its
transformation into a plastic state to which he refers, as seems almost
certain from the context, he must have formed an extremely low estimate of what strains a solid can stand.
In the same passage Mr. Blytt refers to Mr. Peirce,* Sir J. W. Dawson, t and Prof. J. E. Todd t as holding that a solid earth will alter its
shape if the rate of rotation vary. The views of Mr. Peirce I have not
seen, but the other two writers mentione regard the solid earth itself
as changing shape only by means of a succession of what we may term
catastrophies. Their views seem identical with those which Mr. Blytt's
translator ascribes to him in the following words : " The sea adjusts
itself in accordance with the smallest change in the length of the clay
But the solid earth offers resistance to change of form, and
begins to give way only when the tension reaches a certain amount" (p.
418). Mr. Blytt makes several distinct references to the subject, and
his remarks are not perhaps always strictly consistent. This, however,
is hardly to be wondered at, since he gives as the result of his investigatious: "As has been stated, there prevails a disagreement as
to how far the earth will change its form, in case the centrifugal force
varies. Thomson is most inclined to believe that it will not. Darwin
is of opinion that it will. And among other physicists whom I have
consulted a similar divergence prevails upon this point. One thinks
1

* Proc. Arne1·. Acad. A1·ts and Science, 1873, vol. Yin, p. 106.
t Story of the Earth and Man, ninth edition, pp. 291, 292.
t Ame1·ican Natural,ist, 1883, vol. x vu, pp. 15-26, specially pp. 18, 19.
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that a lengthening of the day even l>y several hours will be incapable
of altering the form of the solid earth; another believes that the solid
earth will probably change its form just as easily as the sea" (p. 421).
If Mr. Blytt should ever have further occasion to consult physicists
on this or any allied point, he would find an exact definition of such
terms as solid a certain amount of protection from apriori speculations.
Mr. Blytt's own principal view seems due in part to an erroneous interpretation of 'rresca's experiments on the flow of metals under pressure.
They do not in reality justify his statemeut "By reason of the enormous pressure which prevails in the interior of the earth, it must be
supposed that masses from a certain depth are more or less in a plastic
state" (p. 417). It was in fact pointed out some years ago by the Rev.
Osmond Fisher* that the existence of an orifice from which the metal
can flow constitutes a complete difference between the conditions of
Tresca's experiments and the state of a body subjected to nearly uniform pressure all round.
Mr. Blytt apparently does not stand alone in believing Sir W. Thomson to hold that the solid earth is incapable of altering its form as the
rotation alters, and that it possesses the same eccentricity as when it
solidified. Prof. Darwin in N at1tre, 1886, vol. xxxrv, pp. 420-423, seems
also to put this interpretation upon a passage he quotes from§ 830 of
Thomson and Tait's "Natrural Philutwphy." Supposing this interpretation correct, Prof. Darwin's opinion that Sir W~ Thomson does not
allow " a sufficient margin for uncertainties" expresses only a part of
the objections I should entertain. I find it difficult however to believe
that Sir W. Thompson, who elsewhere gives data for the eccentricity
produced by rotation in solid spheres of steel, can actually suppose no
change at all in the eccentricity to follow an alteration in the angular
velocity. Still it must be coufessed that though the passage contains
the statement, " It must necessarily remain uncertain whether the earth
would from time to time adjust itself completely to a figure of equilibrium adapted to the rotation," its most natural interpretation is that
given by Prof. Darwin. I need hardly say that the conclusion that
the earth, however solid, would retain a constant eccentricity while the
rate of rotation varied, seems to me directly opposed to the conclusions
to which the elastic solid theory leads.
Prof. Darwin himself, in his paper in Nat~tre refers to Tresca's experiments and thinks it probable there would be from time to time a flow
of material as the angular velocity altered. Oue of tbe "uncertainties" he refers to is the possibility tbat, in accordance with Dr. Croll'st
views, a greater rapidity of denudation iu equatorial than in polar
regions may have reduced the eccentricity markedly below the value it
possessed when the earth solidified. He does not seem however to
"Physics of the Ea1·th's Crust, 1st edition, 1881, foot-note p. 120.
t Climate and Time (1885), p. 336.
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refer to the considerable change of eccentricity that might occur in a
solid through mere variation of elastic strain.
As regards the present state of the earth's interior there are, according·to Geikie's Text-book, p. 49, only three theories which merit serious
consideration, viz:
(1) That there is a solid crust and a molten interior.
(2) That with the exception of local vesicular spaces the earth is perfectly solid.
(3) That the earth consists of a solid crust and nucleus with an intervening liquid layer.
Aecording to the Text-book, the theory of a thin ernst containing
liquid or viscous matter is exposed to ''weighty and indeed insuperable objections," p. 18, and "is now abandoned by most geologists," p.
43.
According to Dr. Croll* the'' general opinion among geologists" is
that the earth " consists of a fluid interior surrounded by a thick and
rigid [really solid] crust."
Prof. Prestwich t believes that "the crust rests on a yielding substratum, and that of no great thickness." In fact he advocates the
third of the above-mentioned theories, and believes 30 miles to be
probably in excess of the crust's thickness. Most writers on the subject appear to have subsidiary theories of their own.
Whether the assurance that the question is beyond the reach of experiment accounts for the multitude of theories and the confidence
with which they are proposed, is a question for philosophers notmathematicians to consider, but it seems a priori a possible explanation of
such a deelaration of faith as that of Mr. W. B. Taylor: t ''The liquidity of our globe, and the relative thinness of its encrusted envelopeas atte~sted by all legitimate geological induction-will be assumed
without misgiving or hesitancy, and the supposed matematical arguments for its solidity ignored as essentially fallacious and wholly inconclusive."
Of course if the geological evidenee were conclusive, it would be
mere waste of time further to consider the matter, but the evidence
that satisfies Mr. Taylor does not seem to carry conviction to all geologists even in America. Mr. G. Becker,§ for instance, who appears to
have same practical experience, says: "For a considerable number of
years I have constantly had the theory of the earth's solidity in mind
while making field observations on upheaval and subsidence, with the
result that to my thinking, the phenomena are capable of much more
satisfactory explanation on a solid globe than on an encrusted fluid
one."
* Cl·irnate and Tirne, p. 395.
t Geology, vol. n, p. 540.
t ..d.rnericcm Journal of Science (1885), vol. xxx, p. 250.
~\ ..d.tne1'icau Jou?"nal of Science (1890), vol. xxxrx, pp. 351, 352.
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It may thus be not wholly unprofitable to glance briefly at some of
the arguments which some of the advocates of the several theories
base on their ideas of the properties of solid bodies.
Mr. Taylor's object is to get an equatorial circumference some 10 per
cent in excess of its present value, so as to account for the lateral compression at the surface observed in mountain chains. Thus, following
Prof. Darwin,* he supposes the earth to have once possessed a much
greater angular velocity than at present, and speaks of a " consistent
crust (of some few miles thickness)" as Laving formed "when the rotation of our planet was at four times its present rate" (Z. c., p. 257). The
equatorial radius would then have been, he says, some 4,359 miles, aud
the polar some 3,291. The change of shape, as the rotation fell off,
would accouut, he thinks, for observed phenomena. He considers his
conclusions opposed uy Sir W. Thomson's theory that the earth solidified throughout and retains at least approximately its original eccentricity. It is on this point that he refers to the data supplied by Mr.
Herbert Spencer's "ju~ter physical insight;" and he adds, app<:'trently
as his own contribution to the argument," the supposit,ion that a granite
mountain or equatorial protuberance 400 miles high or 100 miles high
could for a moment support itself, would lmrdly l>e entertained by a
practical engineer;" and in a foot-note, "the limiting modulus of height
of a granite pyramid (equalling one side of its square base) is somewhat
less than 11 miles" (l. c., p. 258). I am quite ready to agree with Mr.
Taylor that if solidification occurred under the conditious he supposes
the eccentricity must have altered enormously and that in a non-elastic
way, and I llardly suppose that Sir W. Thompson would oppose this
view. No one however so far as I know, has propounded tlte theory
of an elastic solid spheroidal earth of eccentricity O.G5 rotating completely in six hours, so that the investigation of the strains and stresses
required by such a theory is unnecessary. I can quite imagiue that on
any probable theory of deusity the magnitude of the strains is hardly
likely to be consistent with the application of the mathematical theory
of elasticity. The foree of Mr. Taylor's remarks as to the pyramid I,
however, fail to see. Such an isolated mass exists under totaJly different conditions from any portion of a solid sphere or spheroid, and oue
might as well argue as to the impossibility of a liq nid interior from the
fact that an isolated liquid column 100 miles high has not yet been
observed on the earth's surface. If lVIr. Taylor were however to calculate the strains and stresses in such a thin shell as he supposes, of
material showing auy~hiug resembling the structure of ordinary rock,
with a rate of rotation such as he mentions, I very much doubt whether
he would find it in an essentially better position than his imaginary
pyramid.
After this criticism Mr. Taylor considers the question of the probable
degree of rigidity of our planet quite irrelevant, but the "temptation is
" Phil. Tran B. (1879), p. 532.
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strong to waste upon it a collateral glance" (Z. c., p. 259). Accordingly
he crushes Sir W. Thomson's argument* from the tides by the remark,
"that a siliceous crust of 20 miles average thickness and an overlying
aqueous ocean of 3 miles average depth, should have (as required by
the argument) so equal a coefficient of mobility that sea and land could
thus together 'rise and fall,' might well be pronounced incredible"
(Z. c., p. 260).
He regards Sir W. Thomson as very seriously damaging his own argument by the admission that tides comparable in magnitude with those
observed. would occur even in a solid earth of steel. It does not seem
to have occurred to him that the existence of a difference between the
motions of the land and water may constitute an argument for solidity. t
Mr. Taylor admits one difficulty in his theory, viz, the nature and
local characteristics of the plications actually observed, and remarks:
''While the force at the command of the rotating planet is abundantly
sufficient - - - evidently some supplementary considerations are
requisite to give the observed. direction to this force," - - - "The
mere mechanical difficulty however of transmitting stresses through
comparatively undisturbed areas of hundreds of miles of a flexible, friable, and practically plastic crust-with a large coefficient of viscous
friction beneath-is not so formidable as might at first appear. It
must be borne in mind that the pressures derived from an action so
slow as from century to century to be scarcely sensible, are of an order of very great intensity, but of very small quantity" (Z. c., p. 265).
Mr. Taylor also infers from "various considerations " that "in all ages
mountain building has been at a maximum; that is, the uplifted heights
have been the greatest which the average thickness of the crust at the
time was capable of supporting; so that the former has been a constant
function of the latter, the ratio being probably not far from one-fifth"
(Z. c., p. 265). lVIr. Taylor does not state that this law of the uplifted
heights is true of all lands as well as of all time, but the possibility that
such may be the case is rather alarming. He enters in fact into nounnecessary details as to how he re~ched his conclusions, so that all one
can say is that, measured by his own standard, he is certainly not inferior in physical insight even to lVIr. Herbert Spencer. Perhaps when
he comes to deal with the "supplementary considerations" he may supply sufficient data for the mathematician to follow him.
Prof. Prestwich, in his Geology, vol. n, regards the " present very
great rigidity of the earth" as being proved by mathematical and
physical investigations; but complains of a " want of elasticity" in
the methods of the mathematicians (p. 538). According to him, ''the
hypothesis most compatible with the geological phenomena is that of a
central solid nucleus with a molten yielding envelope-not fluid, but
viscid or plastic; nor is it necessary that this magma should be of any
" Nailtral Ph,i losophy, Vol. I, part n, § 833.

t See his remarks, l.

o., p. 260

1

and foot-note.
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great thickness; but a thin crust is, it seems to me, an essential condition" (p. 543). Prof. Prestwich adduces in support of his views various
arguments from geological phenomena which seem of much weight. He
has also various arguments of a more or less physical character, but
they seem to take a good deal for granted. Thus, on p. 540, referring to plications in the surface rocks, he says, "if the earth were solid
throughout, the tangential pressure would result not in distorting or
crumpling, but in crushing and breaking. As a rule, no such results
are to be seen, and the strata have - - - yielded, as only a free surface
plate could, to the deformation caused by lateral prm;sure - - - a yield.ing bed, on which the crust could move as a separate body, was necessary." It seems to me that as the phenomena of rupture are as yet
very imperfectly ascertained, except perhaps for a few simple standard
conditions, Prof. Prestwich has very little to go on but a priori ideas.
I fail to see, for instance, why pressures at or near the surface of a solid
sphere should necessarily produce fracture and not flow. Also it seems
improbable that there would be a sharp line of demarcation so as to
enable a crust-which seems clearly to mean a sqlid superficial layerto move as a separate body on a "yielding bed." vVould not this imply a liquid substratum with no appreciable viscosity? And supposing
there were a substratum of this kind, is there any sufficient experimental evidence that a solid crust of even a few miles thickness would,
on the falling away of the liquid underneath, go into fold s instead of
being crushed and broken? Further, can plications to the extent
shown, say by the Alps, be reconciled with the retention of contemporaneous solidity? Supposing the earth to be essentially solid throughout, is there any reason why the strain at some miles below the surface
should not locally at intervals exceed the elastic limit, with the result
for a time of a state of flow or plasticity throughout a volume of greater
or less extent? During such an epoch there would exist locally conditions somewhat resembling those which Prof. Prestwich believes existent everywhere. It is true that one argument adduced by Prof. Prestwich and others against the existence of separate reservoirs of molten
material, viz, the similarity in the character of volcanic products all
over the earth, applies equally against such an hypothe~is. If however volcanic products be supposed to come from several miles below
the surface, I see no obvious reason why they should not present similar characteristics everywhere. No conclusive argument can well be
based on the differences observed in the sedimentary strata, because
the conditions under which such strata are deposited are obviously of
a varied character.
In various passages of Prof. Prestwich's discussion of the state of the
earth one is apt to be puzzled by his falling into the practice, by no
means uncommon in geological writings~ of employing physical terms
with a view to oratory rather than to exposition. For instance, he
speaks of contraction "due to the yielding of the weaker lines in the
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crust, when the tension caused by the excessive strain (and of which
the first order of movement is an index) overcomes the resistance, and
fractures and doubles up the strata;" and he adds: ''Mountain ranges
are in fact the concluding term of the stress which caused the deformation of the ernst, and the movements which at those times took place
must have been influenced by the greater energy of the strains then at
work" (p. 54G). It is difficult to see here what is intended to be cause
and what effect. In fact, while a number of terms are employed which
in mathematics and physics have a fairly definite meaning, I must confess my inability to form an adequate conception of what is meant by
the passage as a whole.
Prof. Prestwich refers (pp. 543, 544) to the hypothesis of the late
Prof. E. Roche (in the reference to which a misprint gives the year 1861
for 1881) as supplying something of the kind of earth he wants. Thus
an examination of Prof. Roche's work* may be of some service.
He supposes the earth to consist of a central nucleus or " bloc,"
homogew~ons but for a 11ossible accumulation of matter of greater
density at the center, and of a superficial layer of lighter material. Of
the nucleus, with the possible exception of a small core of heavier matter, he says, '' Sa densite calculee, de 7 a 7·5, indique qu'elle est metallique, sans doute formee de fer - - -" The specific gravity of the
heavier matter which may possibly exist at the center is, he says, "certainement bien inferieur [to 18], probablement 10 ou 12 (argent, plomb ),"
p. ~35. The outer layer or crust he supposes to have a specific gravity
about 3, and a thickness of about 'o ne-sixth the earth's radius. Between the crust and the nucleus there exists, it may be everywhere or
only locally, molten matter such as appears at the surface in volcanic
outbursts, but the total volume occupied by this must be small. Prof.
Roche takes three results as given, viz, the earth's total mass, the eccentricity of its surface, and the ratio of the principal moments of inertia,
the last quantity being deduced from astronomical data. He satisfies
all the conditions he recognizes by the aiel of the following hypothesis
regarding his nucleus: "Ce bloc a pris sa forme definitive sons !'influence d'une rotation moins rapide qu'elle n'est aujourcl'hui, et il a conserve l'aplatissement correspondant, malgre les accroissements successifs de vitesse du systeme resultants de sa contraction progressive"
(p. 232). In other words, he assumes the nucleus to have solidified
before the crust and that it retains its shape unaltered. Thus as he
regards the angular velocity as increasing in consequence of the diminution in the moment of inertia through contraction in cooling, the nucleus possesses a smaller eccentricity than the crust. He supposes
only a small difference in the length of the day at the dates of the two
solidifications, so that the difference between the eccentricities of the
nucleus and crust is also small. This however in no way justifies his
*Academic - - - de Montpellier Menwires de la Section des Sciences, 1880-1884, tome
dixieme, pp. 221-264.
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hypothesis that the nucleus retains its form unaltered. If its material
possessed the properties of an elastic solid the eccentricity would certainly alter, and to an extent probably quite comparable with the alteration that would have occurred if it had remained fluid. Prof. Roche
seems in fact to treat his nucleus as possessed of the properties of the
wholly imaginary perfectly rigid body. He certainly introduces no
equations such as ought to hold over the surface of an elastic solid
spheroid. The exact view he adopted as to the properties of solids it is,
however, difficult to decide. On his page 241 a brief statement would
imply that he did not regard each elementary layer of a solid sphere
as of necessity totally self-supporting; but on pages 223, 224, where
the discussion is fuller, he says, "Si I'on rejette la complete :fluidite de
la terre, il n'est plus possible d'attribuer a la compressibilite de ses
couches la meme influence." - - - "Dans un solide, les tensions
laterales sont variables et acquierent parfois une valeur enorme. C'est
ainsi qu'une couche pourrait se soutenir d'elle meme comme nne espece
de voftte, sans peser sur celle qui est au-dessous." A solid layer supporting itself like an arch under the conditions of matter near the
earth's surface treated as au elastic solid, presents strains far in excess
of those which are regarded here as coming within the range of the
mathematical theory.
On various grounds it seems to me that the criticism of a want of
elasticity, though hardly in the sense intended by Prof. Prestwich, may
be strongly urged against Roche's investigations.
Some remarks of M. Roche's, on his pages 240, 241, throw considerable light on his standpoint and that of many other theorists: "Les astronomes qui' persistent a admettre la fluidite - - - cherchent a
eluder les objections de Hopkins et de Thomson, en attribuant - - au liquide central une viscosite assez grande pour que - - - I' ensemble en arrive a tourner tout d'une piece - - - La masse tournante
ofl're nne telle rigidite qu'elle est assimilable sous ce rapport a un bloc
solidifie, mais admettre cette assimilation revient a depouiller le milieu
interne des proprietes ordinaires des liquides, eta lui en conserver le
nom tout en l'identifiant a un corps solide." He proceeds to point out
that the mere question of a name is of no account, considering our
ignorance of what would be the properties of matter under such pressines and at such a temperature as the theory of fluidity would lead
to. His line of argument is not very clear, but there is no hesitation
apparent in his conclusion: " En effet, la pression supportee par les
couches centrales, dans la supposition d'une complete fluidite, depasserait deux millions et demi d'atmospheres. La grandeur meme de ce
nombre est <\ elle seule nne objection peremptoire a l'hypoth~se qui y
conduit.
Such a position as this may be all very well for a philosopher who
supposes the external world a mere idea, the private property of his
own mind and so necessarily obedient to laws which his understanding

PHYSICS AND MATHEMATICS TO GEOLOGY.

153

can fully grasp, or for a t:lcieutist who believes the earth created for the
special purpose of supplying problems of precisely that amount of difficulty which he personally is able to solve, but from a common-sense
point of view it seems utterly irrational. No physicist or geologist has
any reas0n to suppose that there are not numerous problems whose full
comprehension requires more extensive knowledge than is possessed by
himself or any of his contemporaries.
The necessity for theories has been eloquently urged by Prof. Darwin,* who says: "A theory is, then, a necessity for the advance of science, and we may regard it as the branch of a living tree, of which
facts are the nourishment." Employing this simile, I must confess that
the subject treated in this paper resembles, in my opinion, a tree which
combines a sad deficiency of sap with a great superfluity of branches.
It will I dare say be generally admitted that the premature craving
after a :finality of knowledge bas been responsible for numerous fruitless speculations in the past, and it seems only too probable that the
impatience of the mind with its own ignorance is the principal foundation of much of the theory of to-da,y. The satisfaction derived from the
contemplation of simple and comprehensive laws may suffice perhaps
to prove that the powers of the mind are limited, but hardly that the
processes of nature are simple.
" Natnre, 1886, vol. xxxrv, p. 420, Address to British Association, section A.

ORIGIN OF THE ROCK PRESSURE OF NATURAL GAS IN
THE TRENTON LIMESTONE OF OHIO AND INDIANA.*

BY EDWARD ORTON.

THE IMPORTANCE OF THE PRODUCT.

Natural gas derived from the Trenton limestone has supplied during
the last year and is now supplying all the fuel and a considerable part
of the artificial light that is used by at least four hundred thousand
people in northwestern Ohio and in central Indiana. Within the same
limits it is the basis of a varied line of manufactures, the annual product of which will make an aggregate of many millions of dollars. More
than forty glass furnaces, not one of them three years old, are now in
very successful operation within the territory named, while iron and
steel mills, potteries, and brick works, and a long list of factories in
which cheap power is a desideratum, have been built up on all sides
with wonderful rapidity.
The largest gas production of the Trenton limestone that has yet
been reached is to be credited to the present year. A well, drilled early
last summer at Stuartsville, 6 miles north of Findlay, produced through
the casing, a pipe 5~ inches in diameter, 28,000,000 cubic feet of gas
every twenty-four hours. There are but few wells in any :field that exceed these :figures. Most of the wells so reported have been estimated,
not measured.
An equally astonishing advance has been made in the oil production
of this rock within four counties of northwestern Ohio. Single wells
drilled during the last year have begun their production at a rate of
10,000 barrels per day, and more than 200,000 barrels of total production are already to be credited to single wells of the new :field, while
a considerable number have passed the 100,000-barrel mark.
~'HE

ROCK PRESSURE.

The rock pressure of the gas is a vital factor in all this production.
To its energy is due the propulsion of the volatile fuel from the wells
where it is released, through 20, 30, 50 miles of buried pipes, to the
* Read before the Geological Societ.\- of America, December 26, 1889.

(From the

Bulletin Geolog. Soc. Amer., March 1, 1890, vol. r, pp. 87-94.)
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cities which it Hupplies with the unspeakable au vantage:-; of gaseous
fuel. It is the same eause that lifts the on from the rock iu an flowing
wells.
By rock pressure is meant the pressure whieh a gauge shows in a
well that is locked in after the drill has reached the gas reservoir. The
iron tubing of the well becomes by this means a part of the reservoir,
and the same conditions as to pressure are supposed to pertain to it
that are found in the porous rock below.
The roek pressure of gas varies greatly in dHferent fields and to a
less, but still an important, extent in different portions of the same
field. The highest rock pressure reeorded in the Trenton limestone is
about 650 pounds to the square inch, while there are considerable portions of the gas territory that never reach 300 pounds pressure per
square inch. The origim1l pressure in the Findlay field was 450 pounds,
varying somewh~1t in welJs of different depths. In the V\Tood County
field, from which the largest amount of gas is now being conveyed to
Ohio cities, the original pressure ranged from 420 to 480 pounds, the
general pressure being counted 460 pounds to the square inch. There
were occasional records made of still higher pressure in single wells,
but of such cases the number is very small, and the existence of these
anoma1ous pressures was short lived.
Passing to the westward, the gas wells of Auglaize and Mercer counties show a decided reduction in original rock pressure as compared
with Findlay, though the depths of the wells remain the same as in that
:field. The highest pressure recorded in Mercer County is 390 pounds
to the square inch, but no gauge was applied to the wells until they
had been allowed to discharge without restraint for several months,
while 375 and 350 pounds mark the extreme lindt of other portions of
this district.
In the Indiana field a still further reduction of rock pressure is to be
noted. The range of the principal Indiana wells is between 250 and 325
pounds to the square inch. 'rhe Indiana gas wells, as compared with
Ohio gas wells, are marked by a reduction in total depth, as well as in
rock pressure, the figures for depth in the productive territory seldom
or never passing 1,000 feet.
How can these variations be accounted for? Back of this question
is a larger one, viz: What is the origin of the rock pressure of natural
gas~

THEORIES OF ORIGIN OF ROCK PRESSURE.

Considering its importance, the main question has received less consideration than would natural1y be expected. The known literature of
the subject is very meager. Prof. J. P. Lesley, in the Annual Report
of the Pennsylvania} Sur1)ey for 1885, discussed the question at greater
length than any other geologist, so far as I know. In a paper pub-
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lishecl in the Amen:can JJJanufacturer, May 27, 1887, I threw out a few
suggestions as to the cause of rock pressure, aucl these suggestions I
afterwards expan<led into a more extended statement, in the sixth volume of the Geology of Ohio, p. 9G. Prof. I. C. "\Vhite reminds me that
he suggested an explanation in the journal named above at an earlier
elate than either of those given.
The men who are engaged in the practical development of gas and
oil fields make great account of rock pressure. It is the first fact that
they inquire after in a new gas field. 'rhey appreciate its importance
in whatever utilization of the gas they may propose, knowing that the
distance of the markets that they can reach and the size of the pipes
that they can employ are entirely dependent upon this element. These
practical men, so called, are as is well known, among the most venturesome of theoristH, and a question like this would not be likely to
be left unanswered by them. A certain rough correspondence that
exists between the depth and the rock pressure of wells is made of great
account in explanations that they offer. In other words, the pressure
is snp32osed to be due to the weight of the overlying rocks; and next
to this we find :::11mong them the expansive force of gas the favorite explanation of the phenomenon.
In the paper of Prof. Lesley, already referred to, tho learned author
suggests the t\vo possible explanations of rook pressure already named,
anu to this he adds a third, viz, llydraulic pressure; but he adds this
explanation only to reject it as a true cause of the phenomenon under
discussion. The absurdity of the more commonly received explanation
of rock pressure, as due to the depth of the well-in other words to the
weight of the overlying country-he sets in such clear light in his discussion that no further consideration of this is required on the part of
those who are open to reason. Until we can prove, or at least render it
probable, that the gas rocks have lost their cohesion and that they exist
at the depths of storage in a crushed or comminuted state, no explanation can be based upon the weight of the overlying rock in accounting for the foree with which the gas escapes from its reservoirs when
they are penetrated by the drill. Prof. Lesley throws the whole weight
of his authority in favor of the view that the gas "produces its own
pressure like gas generated by chemical reactiou in a closed vessel."
Tllis explanation certainly leaves something to be desireu, for it fails to
account for the most significant and important facts in this connection,
viz, the difference of rock pressure in different localities and at different depths. To accept it, brings us no advantage whatever beyond the
satisfaction that we may feel in having an answer at hand that can be
promptly given to a troublesome inquiry.
For my own part, I have felt certain for more than two years that the
rock pressure of gas iu the Trenton limestone of Ohio and Indiana is
hydrostatic in origin, and I have r)ublished a number of facts that
seem to me to give support to this view. I find that some sagacious
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operators in the new gas and oil fields are coming to the same ground.
They have become thoroughly satisfied by their own experiences that
the root of rock pressure is to be found in the water column that stands
connected with the porous rock in which the gas and oil are contained.
In the present paper I desire to present to the Geological Society
a few facts and conclusions bearing upon the subject.
THE DATA FOR THE HYDROSTATIC THEORY.

The first question is, What are the facts as to the rock pressures of
the gas rock in question and what relations do they bear to the depth
of wells and other conditions in the Trenton limestone~ The answer
is not as full and definite as may be expected, certainly not as may -b e
desired. There is but one datum in the development of a gas field in
which the normal gas pressure can be ascertained, and that is when
the first well reaches the reservoir and releases the long-imprisoned
and greatly compressed gas. But often this favorable opportunity is
lost, and gauges are not applied to wells until the energy of the first
flow is somewhat abated. Again, different wells in the same :field, as
Findlay, for example, give different results. The wells vary with the
depth at which the gas rock is found. This factor is found to be an
essential one, as will presently be shown, in connection with rock pressure. Moreover, gauges are sometimes inaccurate and their errors
come in to confuse the study of the subject. Furthermore, the exact
depth of the wells and the exact altitude of the surface where they are
located can not be ascertained in all cases. Small errors of this sort
must be provided for, and there also enters into the discussion a question as to the specific gravity of the water which is to be made the moving force of gas and oil. The water found in association with ,these
substances is never fresh. It is always saline and often highly mineralized. The weight of fresh water to the square ineh is 0.43285 pound
for 1 foot in height (I use Professor Lesley's tables). The average
weight of sea water is 0.445 pound to the square inch for 1 foot; but
the mineral waters with which we find the Trenton limestone saturated
often reach a much higher :figure. An examination of several specimens shows that a column 1 foot high would weigh to the square inch
0.476 pound.. In fact, some of these waters are more like bitterns, and
their columns would equal or exceed 0.5 pound per foot.
Bearing these several sources of ambiguity or uncertainty in miud, we
can consider the records of pressure, depth, and the other factors that
are accessible. The figures as to pressure have already been summarized in a preceding paragraph, but they will be repeated in an accompanying tabular statement. Before coming to this, however, let me in
the briefest terms review the conditions under which gas, oil, and salt
water exist in the Trenton limestone. The uppermost beds of the great
Trenton formation in northwestern Ohio, central and northern Indiana,
"Michigan, Illinois, and Wisconsin consist of a porous dolomite 5, 50, 100,
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or even 150 feet in thickness. Sometimes the dolomite is found in a
continuous body, but oftener in interrupted beds. This part of the formation has outcrops in the Manitoulin islands of Lake Superior and in
tbe Galena limestone of Illinois and Wisconsin. In th~ gas and oil fields,
it is found lying in terraces and monoclines, or flat arches, 800 to 1,500
feet below the surface; and these several features effect the separation
of the varied contents of the porous rock. The boundaries of gas, oil,
and salt water are easily determinable and are scrupulously maintained
in the rock, except that as soon as development begins the salt water
is always the aggressive and advancing element. When the drill descends into the gas rock proper dry gas escapes; when into the contiguous and lower-lying terrace, oil accompanied with gat; appears, as already described; but at a little lower level salt water is struck, and this
rises promptly in the well, sometimes to the point of overflow. Far out
from the narrow ridges or restricted terraces where gas and oil are found
the salt water reigns undisturbed, and wherever reached by the drill it
rises in the wells as in those already described. It would be in the highest degree absurd to count the little pockets of gas that are found in
the arches the cause of the ascent of this ocean of salt water a score
or a hundred miles away. The rise of the salt water is unmistakably
artesian. It depends on hydrostatic pressure, as does the flow of all
artesian wells, and its head must be sought, as in other like flows, in
the higher portions of the stratum that are contiguous.
The nearest outcrops of this porous Trenton have been already
named. They are found in the shores of Lake Superior at an altitude
of about 600 feet above tide. It is certainly significant that when an
abundant flow of salt water is struck in a boring in northern Ohio or
in Indiana, no matter at what depth, it rises generally about to the level
of Lake Superior; or, in other words, about 600 feet above tide. If the
mouth of the well is below this level, as is the case in the Wabash Valley, the salt water overflows. On the shore of Lake Erie the water
rises to within 20 feet of the surface; in Findlay, to within 200 feet.
'Ihe height to which the salt water rises in any portion of the field is
one of the elements to be used in measuring the force which can be
exerted on tlw gas and oil that are caught in the traps of the terraces
alld arches of the porous Trenton limestone.
Why, then, is not the rock pressure of the gas the same in all portions of the new horizon~ For the obvious reason, I reply, that there
is a varying element involved, viz., the depth of the rock below sea level.
The surface elevations at the wells vary greatly, and the wells of the
same depth consequently find the gas rock in very different relations
to sea level.
1'HE TEST OF THE HYDROST.A.'l'IC THEORY.

It is obvious that if an explanation of the rock pressure of the ·Trenton limestone gas is attempted on this basis, there are facts enough
_now at command to substantiate or overthrow it. By the facts it must
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stand or fall. In the accompanying table I have indicated the following lines of facts as to strictly representative well~:; in the leading districts of the new gas fields, viz, (1) location, (2) depth at which gas is
found, (3) relation of this depth to sea level, (4) the initial rock pressure of the gas. In regard to the last line of facts I have taken, in
almost all cases, figures that I have myself verified. (5) A fifth column
I add, in which the pressure due in the particular well is calculated
from the two followiiJg elements, viz, an assumed elevation of the salt
water to the Lake Superior level, or 600 feet above tide; and, secondly,
an assumed specific gravity of the salt water of the Trenton of 1.1,
which gives a weight of 0.4 76 pound to tlle foot.
Depth to
gas.

Locations .

OHIO.

Tiffin, Loomis & Nyman well .••. . ...... . .......
Upper Sandusky, well No.1. .. . . . . ............. .
Bloom Township, Wood County, Godsend well ..
Findlay, Pioneer well . ...... -- ...... --·--- ...... .
St. Mary's, A x e w ell .. . ..•......................
St. H enry's, Dwyer well, No.1 .•...•.•.•... . .. . .

F eet.
1, 500
1, 280
1, 145
1,120
1, 159
1,156

Relation of Original or
Calculated
gas rock to first observed
pressure
sea level
1
foot = 0.476
pre~; sure.
(below tide).
pound.

Feet.

Po1mds .

Pounds.

747
478
395
336
231!
200

650 ?
515
465
450
390
375

641
fi13
473.6
445.7
398.8
385

98
78

320
323
300?

332
322.7
286.6

INDIANA.

Kokomo, well No.4 ..... . .................. . .... .
Marion, w ell No. 3............. . ........... .. ... .
Muncie ............... . ..................... . .. . .

936
870
900 1

(*)

* At tide level.

These figures seem to me to settle the question as to the origin of the
rock pressure of the gas in this formation. I feel sure that nicer determinations of the facts involved as to altitude and depth would bring
a still closer agreemf>:nt between columns four and five. I will ask you
to note in particular the facts as to the St. Mary's and the St. Henry's
wells. They have practically the same depth, 1,159 and 1,156 feet;
but there is a difference of 38 feet in the depth of the gas rock with
reference to sea level. There is a corresponding difference in the rock
pressure of 15 pounds, as recorded. The difference in rock pressure
due to this 38 feet by calculation is 13.8 pounds, or, practically, 15
pounds. I presume that column five is as near the truth in this particular as column four. The gauge would quite certainly be reported
385 pounds if it lacked but 1 or 2 pounds of that number.
THE LAWS OF GAS PRODUCTION.

The laws of gas and oil production and accumulation are coming to
light more clearly in the flat country of Ohio and Indiana than they
have ever done among the hills and valleys of the older Alleghany
fields. As it seems to me, no more important deduction from the new

ORIGIN OF ROCK PRESSURE OF NATURAL GAS.

161

districts has been reached than the law now stated, viz: The rock pressure of Trenton limestone gas is due to a salt-u:ater column, measured
from about 600 feet above tide to the level of the stratum tvhich yields the
gas. The column can be conveniently counted as made up of two parts,
viz., a fixed length of 600 feet added to the depth of the gas rock below
tide.
If this explanation is accepted as satisfactory for Trenton limestone
gas, I venture to suggest that the fact will go a great ways towards
rendering probable a like explanation for rock pressure in all other
gas fields; but I will not at the present time venture to extend it beyond the limits I have named. I am aware of certain facts, or at least
supposed facts, from the older fields that seem difficult of explanation
on this basis.
There are a few obvious inferences from this law to which I venture
to call your attention in closing this paper:
( 1) There is no danger that the great gas reservoirs of to-day will
"cave in" or" blow up" after the gas is withdrawn from them. The
gas will not leave the porus rock until the salt water obliges it to leave
by driving it out and taking its place.
(2) This doctrine lays the ax at the root of all the optimistic theories
which blossom out in every district where natural gas is discovered,
and especially among the real-estate operators of each new field, to the
effect that nature will not fail to perpetually maintain or perpetually
renew the supplies which we find so delightfully adapted to our comfort and service. So far as we are concerned it is certain that nature
has done about all that she is going to do in this line. J n her great
laboratory a thousand years are as a single day.
(3) No doctrine could exert a more healthful influence on the communities that are enjoying the ine~timable advantages of the new fuel than
this. If it were at once accepted it would add years to the duration of
these precious supplies of power. The ignorant and reckless waste
that is going on in the new gas fields is lamentable. The worst of it
comes from city and village corporations that are bringing the gas
within their boundaries to give away to manufacturers whom they can
induce on these terms to locate among them. To characterize the use
of a million feet of natura.! gas a day, in a single town, for burning common brick, for example, or in calcining common limestone, there is a
good word at hand, viz., vandalism.
(4) If this doctrine of the rock pressure of gas is the true one, the
geologists who have to deal with the subject and the communities that
have found a supply owe it to themselves to keep it prominently before
the people who are especially interested. They may make themselves
temporarily disagreeable thereby, but by just so far as they convince
those that are interested, they lengthen the life of these precious sup·
plies.
' g,. ~Jj~, 334, pt. 1--11
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'l'HE DURATION OF GAS SUPPLY.

Judging from the present indications, the Trenton limestone gas of
Ohio is not likely to be long-lived. It seems entirely probable that the
term of its fnrther duration can be stated within the limits of numbers
that are expressed by a single digit. In considerable sections of the
field, the salt water is very aggressive. It requires a steadily increasing pressure on the wells to hold it back. In one district last year, one
hundred and twenty-five pounds pressure would keep the gas dry, while
now two hundred pounds are required for the same purpose.
There is likely to be great disappointment in regard to what is called
gas territory. The pressure and volume of large areas are found to fail
together. Wells draw their supplies from long distances. A. farm, or
even a mile-square section, may be effectually drained of its gas without a well being drilled upon it.
Natural gas is a very admirable product, but its highest office, after
all, should be to prepare the way for something better than itself, viz.,
artificial gaseous fuel-better, for the reason that while it furnishes all
the intrinsic advantages of natural gas, it will be free from the inevitable disadvantages of treasures secured in the way in which the stores
of the great gas fields have been gained.

GEYSERS.

By

w AL'l'ER

HARVEY WEED.

The hot-water fountains, called geysers, are natural wonders that are
of general as well as scientific interest. The striking manifestation
which they afford of the earth's internal heat, their great beauty, and
novel surroundings make them indeed worthy of that wide-spread interest which they arouse, and it is in the hope of gratifying a general curiosity concerning these wonderful fountains that the present paper
has been written.
At the outset of this inquiry into the nature and occurrence of these
natural steam engines it is necessary to exactly define what is a geyser~ Briefly, a geyser is a hot spring which intermittently ejects a column of boiling water and steam. Before attempting to present such a
general account of the various geyser regions of the world as will enable the reader to follow the deductions derived from a study of the
occurrence and the characteristics of geysers, it may be well to present
a summary of the paper.
It is believed that the facts recorded in this article show:
First. That geysers occur only in volcanic regions, and in acid volcauic rocks. In Iceland and New Zealand the volcanic fires are still
active. In the Yellowstone region the lavas are chiefly of pre-glacial
age.
Second. Geysers occur only along lines of drainage, on shores of lakes
or other situations where meteoric waters would naturally seek the surface. Unheated waters are often found issuing in close proximity to
geysers.
Third. Geyser waters are meteoric waters which have not penetrated
to great depths but have been heated by ascending vapors.
Fourth. The supply of heat is derived from great masses of Java
slowly cooling from a state of former incandescence, heating waters,
which, descending to the hot rocks, ascend as highly heated vapors.
Fifth. The intermittent spouting of geysers is due to the gradual
heating of water accumulated in fissures or tubes in the rocks, the only
mechanism necessary being a tube, which may or may not hrtve local
expansions or chambers.
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Sixth. Geysers may originate in several ways, though most commonly
produced uy the opening of new waterways along fissure planes of the
rocks, uy a gradual eating out of a tube by ascending hot vapors.
Seventh. The thermal activity of geyser regions is not rapidly dyiug
out. The decrease of heat is very slow, and though changes take plate
from year to year, the establishment of new geysers and new hot springs
offsets the decay or drying up of old vents.
Attempts to solve the mysterious spouting of geysers date back to
the earlier part of the present epoch of scientific research, and the
genius of Bunsen and Deseloiseaux was devoted to a study of the Iceland geysers as early as 1847. The most important result of their experiments and observations was a theory of geyser action, now (with
slight modifications) generally accepted, but other conelusions have
lately been proven by observations made in the Yellowstone Park to be
erroneous. Although numerous visits to the geysers of Iceland by
later observers led to various ingenious speculations and theories respecting geys~r eruptions, the questions of geyser origin and the signifigance of their occurrence and other questions of broader scope
were not touched upon.
The discovery of the geysers of New Zealand appears to have
awakened interest, more because of the wonderfully beautiful terraced
basins about the geysers of Rotomahana than from any appreciation
of the opportunity afforded for a study of the geysers themselves, their
relations to the geological structure of the country, or their raison
il'etrf{j and not until the mapping and study of the Yellowstone gey:ser
basins was made by the Hayden survey, was there the slightest attempt
to look at the broader questions awaiting solution. In his final report,
after giving au account of various theories of geyser aetion, Dr. Peale
discusses very briefly various pecularities of geysers and the supposed
influence of atmospheric charges and concludes with a statement of
the three conditions be believes to be necessary to the existence of
geysers which are essentially confirmed by the long continued study of
the Yellowstone region by the writer.
In looking at the distribution of geysers in various parts of the
world one is quickly impressed with their great rarity. Hot springs
abound in many countries, but boiling springs are characteristic only
of regions of recent (that is geologically recent) volcanic activity; it is
only in such regions that geysers occur. Until late in this century
Iceland was the only land where geysers had been found. Less than
forty years ·ago they were discovered in considerable numbers in New
Zealand, and since then a few others have been reported from other
parts of the world. The '' Geyserland" of the world is undoubtedly,
however, the Yellowstone National Park, a region situated in the heart
of the Rocky Mountains, at the head waters of the Missouri and Yellowstone, and discovered so late as 1869.
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In order to bring before the reader a general idea of the true relation
of geyser vents to the surrounding topography and water courses of
the districts, a brief description of the three great geyser regions of
the world will be attempted. It has been my good fortune to have
spent seven summers at the various geyser ''basins" ol' the Yellowstone in connection with my duties as assistant geologist on the U. S.
Geological Survey party, under Arnold Hague. The other regions are
familiar from a large series of excellent photographs as well as through
the descriptions of friends and the writings of other visitors to those
countries.
THE

ICEL.A.~D

GEYSERS.

Iceland is the birthplace of the word geyser. It has been called the
land of frost and :fire, and indeed in no place are the evidences, nay the
very forces themselves, of frost and :fire brought so forcibly in contrast.
The island is eminently a volcanic region, a central table-land with
sharp volcanic peaks, hooded with great Jokuls or glaciers, mantlell with perpetual snows, and surrounded by a more or less narrow
strip of lowh~nd bordering upon the sea. The evidences of internal
:fire are unmistakable. Hecla and other volcanoes are occasionally
active, awl tlw whole island is covered with lava poured out by the
volcanoes, and the source of the heat supplying the geysers is unq uestioned.
As would naturally be expected from the combination of water and
fire, hot springs are abundant and at a few localities geysers are found.
The most noteworthy of these is Haukadal, where The Geyser, Strokr,
and a smaller geyser are found. This locality is abOt!t 70 miles
from Reykiavik, the Iceland metropolis, and is only reached on horseback over beds of clinkers and rough lava :fields; a dreary ride so far
as scenery goes, but of fresh novelty to visitors from warmer lauds.
The hot springs are clnstered in an area of about 20 acres, at the base
of a bill about an eighth of a mile long and 300 feet high, and at the
edge of the marshy bottom that stretches out toward the Hvita River.
The springs are really at the base of the seaward border of the high
ground where the waters that have percolated through the tufas and
porous lavas of the higher region would come to the surface. The two
geysers, Strokr and The Geyser, issue from mounds of gray or white
~ilica deposite<l by the hot waters, and the neighboring springs are surrounded by lesser areas of the same material, while on the hillside back
of the springs the rock is decomposed by the steam of fumeroles. These
two large spouters show two types of geysers. Strokr has a funnel-like
pit 36 feet deep and 8 feet across, (see :fig. 1, page 174,) expanding into
a saucer-like basin. The tube is generally :filled to within 6 feet of the
top with clear water, which boils furiously, owing to the escape of great
bubbles of steam coming from two openmgs in opposite sides of the _
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tube. The eruptions are quite as beautiful as those of its more famous
COTilpanion, the jets rising in a sheaf-like column ro a height of 100 or
more feet, eruptions taking place at very jrregular and long intervals;
but by putting a lid on tbis great kettle, by dumping in large pieces
of turf, an eruption can be produced in a short time.
The Geyser, on the contrary, is a pool of limpid, green water whose
surface rises and falls in rhythmic pulsations. The usual temperature
is but 170° F. or 200° F., but varies, being greater immediately before
an eruption. The shallow, saucer-like basin is about 60 feet across and
slopes gently to a cylindrical shaft 10 feet in diameter, forming the pipe
of the geyser; this is about 70 feet deep. This regularity of the tube becomes important when we consider Bunsen's experiments and the theory
of geyser action he deduced from them. Before an eruption bubbles
of steam entering the tube suddenly collap8e with loud but muffled reports and a disturbance of the quiet surface of the water. During this
simmering, for such it is, the water rises in dome-like mounds over the
pipe and overflows the basin, running down the terraced slope and wetting the cauliflower-lilce forms of sinter that adorn it.
ThA eruptions that so long puzzled and astonished visitors to this remote land are surpassed by those of the giants of the Yellowstone,
but their beauty is not less. A short time before Geyser plays, the
domes of water rising in thA center of the basin, come in quick succession
and finally burst into spray, followed by a rapid succession of jets increasing in heigl1t until the column is 100 feet high. Dense clouds
of steam momentarily hide the glistening sheaf of jets, biding it from
sight, then drifting away in the breeze again reveal the sparkling shaft.
These eraptions have varied much in appearance and height since the
geyser was first known. At present the column does not exceed 90
feet and the eruption lasts but a few moments. After it the basin is
~mpty and seems to be lined with a smooth coating of white silica.
THE GEYSERS OF NEW ZEALAND.

The geysers of New Zealand are situated in a region clothed with a
luxuriant vegetation that is in strong contrast to the bleak and barren
Lava fields of Iceland, but an examination of the position of tbe springs,
with respect to the physical features of the region, shows that the
situation of the geysers is nearly the same in these antipodal isles.
The New Zealand geysers occur in the North Island, in what is known
as the volcanic region, or the Taupo zone. Within an area of 4, 725
square miles, in which none but volcanic rocks are found, there are six
volcanoes, and great numbers of solfataras, fumeroles, mud vole>~,uoes,
and hot springs, and many geysers. The lavas are all of the acid type,
mostly rhyolite, but are hidden by surface decomposition and an abun·dant vegetation, save upon the flanks of the peaks. The axial line of

G:SYSERS.

167

this zone running northeast is marked at each end by an active volcano, and its course by a line of greatest hydrothermal activity; a
sinuous line of hot springs following well marked geographic features
of river valleys, low plains, and lake margins, with higher country on
either side rising to plateaus of 2,000 to 3,000 feet above the sea.
Little is known of the geysers on the shJres of Lake Taupo, or those
on the banks of the Waikato River, but the famous terraces of Rotomahana, called the eighth wonder of the world by James Anthony
Fronde, attracted attention to the geysers which formed them, and
made their vicinity the best known part of the district. The warm
Jake, called by the Maoris, Rotomahana, was a shallow body of warm
water, about a mile long, and a quarter of a mile broad, comprising
185 acres. The waters were of a dirty, greenish hue, reflecting the
somber green of the fern and the ti-tree-covered slopes about it, and
the sedgy margins sheltered large numbers of duck and other waterfowl. Rising above its surface like stairways of delicately sculptured
marble, were the pink and white terraces. At the top of the terrace,
120 feet above the lake, was the Terata geyser, whose overflow had
built up this wonderful work and filled the basins and pools with waters whose tints were both the delight of the eye and the despair of
the pen.
The geyser caldron was some 60 by 80 feet across, its clear and boiling water usually overflowing, and occasionally ejected to a height of
40 to 100 feet, wetting the steep banks of bright-colored fumerole clays
about the crater, but not forming the beaded geyserite, characteristic
of so many of these fountains. Such eruptions followed a period of
quiescence, when the waters retired within the pipe for many hours.
Owing to the comparative inaccessibility of the caldron and the beauty
of the terraces, but few observations are on record of the action of the
geyser. The water carried 150 grains of solid matter to the gallon, of
which one-third was silica, and the daily outflow of 100,000 to 600,000
gallons per hour brought up 10 tons of solid matter dissolved out of
the underlying rocks. It is easy to see what great underground caverns would be formed by this geyser alone in a comparatively brief time.
In the volcanic outbreak of Tarawera, in June, 1886, the waters of the
lake and underground reservoirs were drawn into the newly opened
fissure, and, by the extraordinary explosion that followed the terraces
were destroyed, and the site of Rotomabara became a crater that threw
mud over the surrounding country.
THE YELLOWSTONE "GEYSERL.A.ND."

The wonderful variety, the great number, and the large size of the
geysers of America, found in the Yellowstone National Park, demand
a somewhat longer account of this region, which I am the more willing
to give as it has been my good fortune to have spent a large part of
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the past nine summers in a study of its geysers and bot springs. To
many readers this region is doubtless familiar. The geysers are found
in detached groups, occupying basins or valleys of the great table-laud
which forms the central portion of the park, a region whose heavy
forests and uninviting aspect, combined with the rugged nature of the
encircling mountain ranges, so long proved a barrier to exploration
even to those adventurous trappers and prospectors of the Great West,
and deferred the discovery of this marvellous region until so recent a
date as 1869.
The geyser "basins," as the localities are termed, conform, in their relations to the surrounding high ground and their coincidence with lines
of drainage and the loci of springs, to the laws governing the distribution of the same phenomena in other parts of the world. The park itself
is a reservation of about 3,500 square miles, the central portion being an
elevated volcanic plateau, accentuated by deep and narrow caiions and
broad gentle eminences, and surrounded by high and rugged mountain
ranges. This central portion~ whose average elevation is about 8,000
feet above the sea, embraces an the hot-spring and geyser areas of the
park. The volcanic activity that resulted in the formation of the park
plateau may be considered as extinct, nor are there any evidences of
fresh lava flows. Yet, the hot springs so widely distributed over the
plateau are convincing evidence of the presence of underground heat.
There is no doubt that the waters derive their high temperature from
the heated rocks below, and that the origin of the heat is, in some way,
associated with the source of volcanic energy.
The various geyser basins, or fire holes, as they were called by the
first explorers, each possess individual peculiarities which give character and interest to each locality. The most noted of these "basins" is
however that known as the Upper Geyser Basin of the Firehole River,
one of the headwaters of the great Missouri. This '' Upper Basin," as it
is generally called, lies a little westward of the center of the park, and
is reached by a ride of some 50 miles, over excellen t roads, from the
railroad terminus. It is a valley of li miles long by one-half mile
broad, inclosed by the rocky cliffs or darkly wooded slopes of the great
Madison Plateau, and drained by the Firehole River, along whose
banks the largest geysers are situated. The whole floor of the valley
is fairly riddled with springs of boiling water, whose exquisite beauty
is indescribable. Light clouds of fleecy vapor curl gently upward from
waters of the purest azure or the clearest of emerald, and, encircling
rims of white marble-like silica, form fit setting for such great gems.
A large part of the valley floor is covered with the white deposit of silica
known as siliceous sinter, deposited by the overflowing hot waters.*
The weird whiteness of these areas, the gaunt white trunks of pine trees
killed by the hot waters, the myriad pools of steaming crystal, and the
*See "Formation of Hot Spring deposits," W. H. ·w eed Ninth .Ann. Rept. D'iTector
U. S. Geological Sn1·vey, 1889.
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white clouds floating off from the chimney-like geyser cones, form a
scene never to be forgotten by those fortunate enough to behold it.
Within this basin there are nearly thirty geysers, presenting many
variations of bowl or basin, mound and cone, and whose eruptions are
equally diversified in form and beauty.
Sentinel, Fan, Cascade, Riverside, Mortar, and Grotto, greet one on
entering the basin, either by quiet steaming or by flashing jets. Giant,
Splendid, Castle, Grand, Giantess, Lion, and Old Faithful are but a
few of the wondrous fountains of the place. The last is most deserving
of its name. Every since its discovery, in 1870, it has not failed to send
up a graeeful shower of jets at a regular interval of sixty-five minutes.
Its beauty is ever varying, as wind and sunlight play upon it, and the
mound about its vent is adorned with delicately tinted basins of salmon,
pink, and yellow, filled with limpid water whose softness is enticing. It
is the geyser of the park, and indeed of the world, and many a visitor
to" geyserland" departs without seeing any other of the many spouters
in action and yet feels more than repaid for the journey. For beauty
of surroundings, the Castle will perhaps be awarded the palm; its
sinter ehimney or cone is formed of exquisite cauliflower or coral-like
geyserite whose general form makes the geyser's name appropriate. Its
eruptions are frequent, occurring about every thirty hours, when a
stream of hot water is thrown up to a height of 75 feet for some
fifteen minutes, followed by the emission of steam, with a loud roar
that can be heard for miles. A few hours after the eruption the tube
is again full, and occasional jets of 10 to 20 feet are thrown out until
the next eruption ensues.
The greatest geyser of the park, and, indeed the grandest of the
whole world, is Excelsior, some 25 miles beyond the Norris Basin. Unlike the less capricious and more fountain-like geysers of the Upper
Firehole, this monster of geysers does not spout from a fissure in the
rock, nor from a crater or cone of its own building. It is a monster of
destruction, having torn out its great crater in the old sinter-covered
slope, builded by the placid and beauteous Prismatic Lake. The walls,
formed by the jagged ends of the white sinter layers, are lashed by
the angry waters that are ever undermining the sides and enlarging the
caldron. The eruptions are so stupendous that all other geysers are
dwarfed by comparison. The grand outburst is preceded by several
abortive attempts, when great domes of water rise in the center and
burst into splashing masses 10 to 15 feet high, while the waters surge
under the overhanging walls and overflow the slope between the crater
and the river. Finally, with a grand boom or report that shakes the
ground, an immense fan-shaped mass of water is thrown up to a height
of 200 or more feet, great clouds of steam rolling off from the boiling
water, while large blocks of the white sinter are flung far above the
water and fall about the neighboring slopes. It is a sight that inspires
enthusiasm in the most phlegmatic, and few can resist the temptation
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to give loud expression to their feelings. tJnfortunately, this monarch
of all geysers has ceased to erupt, but may be expected to break forth
again at any time.
Everywhere save at theNorris basin, of the Yellowstone Park, geyser
vents are surrounded by cones, mounds~ or platforms of white siliceous
sinter, which, though built up mto very beautiful forms, hides the true
relation of the geyser vent to the fissures in the rocks, so that it has
been generally believed, as stated by Tyndall,* that the hot springs
built up tubes of siliceous rock, that made them geysers. That this is
not true is shown by several great fountains at the Norris basin, that,
spout directly from fissures in the solid rock, notably the Monarch,
Tippecanoe, and Alcove geysers.
GEY~~R

WATERS.

The descriptions which have been given of the chief geyser regions
of the world lead to the question: What is the source and character
of the geyser waters~ It has been plainly indicated that, in the fields
described, the vents are always situated along lines of drainage, on
the shores of lakes, or under conditions where ordinary springs of
meteoric water would naturally occur.
That the gerser waters are surface waters which have percolated
through the porous lavas and have been heated by encountering great
quantitie:s of steam and gases rising from the hot rocks below there is
no reasonable doubt. The proximity of ordinary cold springs and
those of boiling hot water lends support to' this view.
These hot waters, traversing the rocks in irregular fissures, readily
dissolve out the more soluble constituents of the rocks, the amount and
the character of the salts present varying somewhat with the nature
and amount of gases held in the waters. Chemical analyses of geyser
waters from the three regions described show no greater variation than
those from different vents in any one of these regions. The following
table of analyses shows that the waters are all similar in character. The
analysis of the Yellowstone water was made by Prof. F. A. Gooch and
for the U. S. Geological Survey. Analyses are also given of the water
from the great geyser of Iceland, and from the New Zealand geysers,
the former by Damour, t the latter by Smith.t
* Heat as a mode of motion.
t Ann. Chem. u. Pharm., vol. LXII, 1847, p. 49.
t Jour. fur prctkt. Chemie., Yol. LXXIX, 1869, p. 186.
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Analyses of geysm· waters.
[Constituents grouped in probable combination.

Grams per kilogram.]
White Terrace Geyser New
Ze~land.

Old Faith- Great GeyfulGeyser. ser, Iceland.
SiO 2l silica _............ - _- ... -- .. - ....... _. _... .. -- _. _..... --- .. N aCl, sodium chloride. __ . __ .. ______ .... ___________ . _. ___ ..... --.-

0. 3961

LiCl, lithium chloride __ .- .. -- .-- ___ ... _. _.. __ ... _. _____ ... - .. ----KCl, potassium chloride __ ... _____ . _.. ______ . ___ . _... _. __ ..... __ _
KB, potassium bromide -.-- ____ . _________ . ____________ . __ . _..... .

0. 0340
0. 0478

Na;;S04 , sodium sulphate-------·-- .. -- ____ ---- __ ---· __ ---·· ··-·-Na;;B407, sodium borate .. ---- .... _______ ... ____ .. _.... ... _...... .
X a 2 As0 2 , sodium arseniate _. - _. ____________ .... _.... _____ . _____ . _
Na"Sl0 3 , sodium silicate .. -. __ . ___________ . ______ . _. __ .. _....... ..
K a,C0 3 , sodium carbonate----. __ . __ .. _____ . .. __ ._ .. _. _____ .. - ... .
l\fgC0 3 , magnesium earbonate --- _.. _____ .. _.. _..... ___ ....... ___ .
CaCo 3 , limo carbonate - . _.. _. __ .. ____ .. ____ .. ______ .... ___ . _..... _
}'uC03 , iron <"aJ'bonate - - ___ ... ____ .. ___ . ______ .. _.. __ ..... _.... _. _
Al,0 3, alnminn, ____________________________ ------------ ____ ....... .

0. 0270

0. 6393

0. 6060
1. 62:10
*0. 0950

0. 5190
0. 2379

0. 0051
0.1342

9. 0213
0. 0027

to. 2290

0. 0279
0. 2088
0. 0021

0. 2567

Trace.

0. 0038

0.025

Trace.
0. 005

0. 0017

H_S, l•y<lrogen sulphide ___ ...... __ ...... _....... __ ............. ..
0. 0002
l\H 4 Cl, ammonium chloride ____ ........ ___ .... ___ ...... _ ........ _
Trace.
C0 2, carbonic acid_._. _________ . _... ____ . __ . _. __ . __ .. _.. _... __ .. __ ............ _... _........... ... ..... .
K 2S04 , potassium sulphate ..................... _................. .. .. .. .. .. ..
MgS04,magnesium sulphate __________ -·-- .. _______ ......................... .
Na2 S, sodium sulpbi<le ...... _.. __ ......... ___ ............ _.......... ........ ..

0. 0180

0. 0750

0. 0091
0. 0088

---- --··------

Total .. ------------------------···----------·------·---·····
Specific gravity _____ . __ . __ . ____ . ___ ... _.. ________ .. _.. ___ . ______ .

1. 3908

L 2305

I

2. 6570

L 00096

L 000205

I

L 00077

Source of heat.-That the source of steam is the still hot lavas below,
and is in some way connected with volcanic action, is so evident from
the facts that no other conclusion is possible. A very common belief
concerning the source of the heat of boiling springs and geysers, but
one which no longer has the support of scientifie men, is that the heat
results from chemical action, as it is vaguely termed. vVere not the
evidence so directly opposed to this idea, it would merit consideration,
but so far as tlle heat of geyser waters is concerned, all observation
shows it to be untenable. To this class of theories belongs the popular
idea that the geyser basins are underlaid by great beds of (quick~)
lime, which supply the heat and steam of the geysers.
The smothered combustion of beds of lignite, coal, or pyrites, is another form ofthe same theory that has been received with considerable
favor, and still commands a few followers. That hot springs may have
such an origin is not denied, but the geological conditions and environment clearly show that none of the great geyser regions of the world
derive their beat from such action.
Where the source of supply is deep-seated, spring waters always
have an elevated temperature, generally proportionate to the depth,
but the very high temperatures of the geysers and the local source of
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the waters excludes this theory. The folding and faulting of rocks is
another source of heat made manifest by hot springs.
It has been shown by Dr. Peale, however, that boiling waters are only
found in the regions of volcanic rocks, and it was pointed out by L' Apparent that geysers only occur in acid volcanic lavas. In Iceland the
voleauic forces are still active, and melted lavas may exist at no great
depth. In New Zealand the recent eruption of the eroded mountain
Tarawera showed that heated rocks exist, and in that case rose up
near enough to the surface to cause the explosion which so transformed the country.
In the Yellowstone there are no active volcanoes, an<l none of even
geologically recent activity. The lavas that :fill the ancient mountainencircled basin of the park are scored by glaciers and deeply cut by
runuillg water; and the old volcanoes from which the lavas were, in part
at least, outpoured show no signs of having been active since Tertiary
times. Yet in this region the expenditure of heat by the hot springs,
geysers, and steam vents would undoubtedly keep a moderate-sized
volcano in a very active state were it concentrated. There is no doubt
that this heat is connected with the past volcanic energies of the region
and derived principally from the still hot lavas, three-quarters of the
entire area of the park (3,500 square miles) being covered by rhyolitic
rocks.
The significance alluded to above, of the association of geysers and
acid lavas (rhyolites), is possibly to be found in the fact that these rocks
?vre more easily dissolved by the hot waters forming the tubes and reservoirs for geysers. The situation of hot springs and geysers along
water courses has already been mentioned. It is a well-known faet
that the presence of water in the pores of a rock increases its capacity
to conduct heat, so that we may surmise a rise in the local isogeotherm
in such situations.

Geyser eruptions.-Geysers have often been compared to volcanoes,
presenting in miniature, with water instead of molten rock, all the phenomena of a volcanic eruption. The diversity of form and varying conditions of activity of the hot spriugs found associated with geysers
makes it impossible to determine in every case whether a spring is
or is not a geyser. Cieyser vents may be mere rifts in the naked rocks
or bowls of clear and tranquil water, quiet until disturbed by the :first
throes of an eruption, and surrounded by white sinter deposits in nowise
distinguishable from those about hot springs. In other cases the vents
are surrounded by a cone or mound of pearly-beaded "geyserite," a
certain and distinctive feature of a geyser.
Tlle displays of the great " Geyser" of Iceland have already been
briefly described; they may be taken as the type of eruptions from geysers having bowl-like expansions at the top of the tube, the so-called
''basin" of the geyser. Where the vent is surrounded by a cone of
sinter, as is so often the case among the fountains of New Zealand and
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the Yellowstone, the first part of the geyser eruption is somewhat differ·
ent. Perhaps the most familiar geyser of this type is Old Faithful, the
one geyser in the Yellowstone that is sure not to disappoint the visitor.
Though surpassed by many of its neighbors in the height and magnitude
of its eruptions, it holds a front rank for beauty and gracefulness. Previously heralded by loud rumblings, with spasmodic outbursts of 10 to
20 feet in height that mark abortive attempts to send up its steaming
pillar, the white column is finally thrown upwards with a loud roar, and
mounts at once to a height that seems hundreds of feet as we gaze upon
it. For two, or even three minutes, the column maintains a height
which measurements show to vary from 90 feet up to 150 feet, with OC·
casional steeple-shaped jets rising still higher, the jets ever varying and
giving off great rolling clouds of steam; then the jets gradually decrease
in altitude, and in five minutes the eruption is over, the tube apparently
empty, and emitting occasional puffs of steam for a few minutes longer.
During the eruption the water falls in heavy masses about the vent,
filling the basins that adorn the mound, and flowing off in yellow and
orange-colored waterways, while the finer spray drifts off with the
breeze and falls upon the neighboring sinter slopes. It is impossible
to measure the amount of water thrown out, since it runs off in anum·
ber of directions in shallow rills that lead either to the sandy terrace
near by or to the river. If however we assume that the column of
steam and water is one-third water, a fair assumption, the estimated
discharge is 3,000 barrels at each eruption.
Comparing Old Faithful with its Iceland prototype we find considernble difference in the behavior of the two vents during the interval
between eruptions. The former, like Strokr, has no bowl or basin, and
the geyser throat or tube is partly filled with water, which is in constaiJt and cuergetic ebullition, while the geyser is inactive. The tube
and bowl of'" Geyser" are, on the contrary, filled with comparatively
cool water. In each case, however, the eruption is preceded by an
overflow from the geyser tube, in the case of Strokr and Old Faithful,
as jets of 10 feet to 25 feet in height; in "Geyser" by a filling of the
bowl and successive overflows, accompanied by the noise of condensilJg steam bubbles, a simmeri11g of the water in the tube. Such preliminary actions are significaut when we consider the theory of geyser
action.

Theories of geyser acUon.-The intermittent spouting of geysers was
long a riddle to scientific men, for although several theories seemed
each to o:fl'er a satisfactory explanation of the eruptions of "Gey·
ser," they supposed conditions unlikely to occur in many vents. The
investigations of Bunt:en, and of Descloizeaux, who spent two weeks
studying the Iceland fountains, resulted in the announcement of a
theory of geyser action which, with slight modifications, has satisfied
all requirements and is to-day generally accepted as the true explana·
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tion of the action of these natural steam engines. This theory, which
bears the name of the illustrious Bunsen, depends upon the wellknown fact that -Dhe boiling point of water rises with the pressure,
and is therefore higher at the bottom of a tube of water than at the
surface. The temperature of water heated in any vessel is generally
equalized by convective currents, but in a long and narrow or an
irregular tube this circulation is impeded, and while the water at the
surface boils at 100° C. (at sea level), ebullition in the lower part of
the tube is only possible at a much higher temperature, owing to the
weight of the water column above it. In the section of Geyser shown
in the figure the observed temperatur~s are given on the left, and the
temperatures at which the waters would boil, taking into account the
pressure of the water column, are given on the right. In Geyser the
nearest approximate to the boili:tig point is at a depth of 45 feet oppo-
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Sections of Geyser aud Strokr showiug fissures supplying geyser tubes (after Campbell).

site a ledge and fissure discovered subsequent to Bunsen's experiments.
At this depth the temperature is 2° C. below the temperature at which
the water can boil. If by the continued heating of this layer by steam
from the fissure it attains the temperature at which it can boil, steam
is formed, whose expansive force lifts the superincumbent column of
water, causing a slight overflow at the top, which, shortening the column, brings the layer B to the position C, where its temperature is
above the boiling point of C, wherefore steam is formed at this point and
a further lifting and relief of pressure ensues, followed by an eruption.
In illustration of this theory a model geyser is easily constructed of
a glass tube of an inch or so in diameter and several feet long. When
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this tube is closed at one end, filled with water and placed upright we
have an the mechanism necessary to produce all the phenomena of a
geyser. By heating the water at the bottom by the introduction of
steam (or with a spirit lamp), we can produce eruptions whose period
will depend upon the intensity of the heat. At first the bubbles of
steam collapse in the cool waters at the bottom of the tube, but as the
temperature rises the bubbles rise part way up the tube and heat the
lower part of the column to a high temperature while the water near
the surface is still cool. Eventually the water at the bottom reaches
the pressure boiling point, when steam is formed, lifting the water
above it and causing an overflow at the top. This overflow or its
equivalent, the filling of a shallow basin at the top of the tube, relieves
the pressure and all that part of the column whose temperature was
previously uelow the boiling point but now exceeds it, flies into steam
aud ejects the water above with great violence. The glass walls of our
geyser tube permit us to watch the gradual heating of the water by
means of thermometers suspended in the tube, the ascent and collapse
of steam bubbles, the overflow and abortive attempts to erupt and the
final ejection of the water from the tube.
Where the tube is surrounded at the top by a basin no actual overflow need occur. Indeed there is in the Yellowstone a miniature geyser, aptly named the Model, with a tube but 2 inches in diameter, surrounded by a shallow, saucer-like basin, which has eruptions about
every fifteen minutes of 3 feet to 5 feet in height in which scarcely a
drop of water is wasted, but flows back into the tube after the eruption. During the interval between eruptions no water can be seen in
the tube, whose basin and upper part are dry and cool. The first signal of the coming display is a quiet welling up of the water in the tube
filling the little basin, which being relatively large and shallow relieves
the water column of a considerable height. During the eruption which
follows. the spray is chilled by the air, falling back into the basin; at
the end of the display the water is quickly sucked back into the tube
and re-heated for the ensuing eruption.
At first thought the constant boiling of the waters in the tube of
Strokr, Old Faithful and many other geysers seems to oppose the
theory which we have just given. Observations show however that
in many cases the boiling is confined to the surface and deep temperatures do not reach the boiling point corresponding to the depth. It is
quite likely also that in some cases a lesser and independent supply of
heat may connect with the upper part of a geyser tube; Strokr, we
know, has two vents (see figure ), one of which is the geyser tube, the
funnel-like throat of Strokr being really but a nozzle to the geyser.
It is unnecessary to describe the numerous other theories of geyser
action; they all suppose caverns or systems of chambers and tubes, of
definite arrangement, a supposition most unlikely J..;o occur in many
cases, and made unnecessary by Bunsen's theory. r~ocal expansions
and irregularities of the tube do exist, and to them we owe many of
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the individual peculiarities of geysers, but such chambers do not form
a vital, essential part of the geyser mechanism.
In an excellent resume of the various theories of geyser action, Dr.
A. 0. Peale states that he believes no one theory is adequate to explain
all the phenomena of geyser action, though Bunsen's theory comes
nearest to it. *
I believe however that Bunsen's theory is a perfect explanation if
we but admit that the geyser tube may be neither straight nor regular,
but of any shape or size, and probably differing very much for each
vent. The shape of the bowl or basin exercises but little influence upon
the eruption save to produce the many individual peculiarities of the
geyser column.

Origin of Geysers.-It should be noted that Bunsen's theory of geyser
action is quite independent of his theory of geyser formation. The
building up of a siliceous tube by the evaporation of the waters at the
margin of a hot spring, is a process which may be seen in operation in
any of the geyser regions of the world; but it is not a necessary preJu<le to the formation of a geyser, for a simple fissure in the rock
answers equally well, as is shown at the Norris geyser basin in the
Yellowstone Park.
The life history of a geyser varies, of course, for each one, but obserwations show that the following sequence of events often takes place.
The hot vapors rising from unknown depths penetrate the rocks along
pla11es of fracture and shrinkage cracks, decomposing and softening
t1e rock until the pressure of the steam and water is sufficient to force
an opening to the surface. If this opening affords an easier exit for
waters issuing at a higher level the fissure is probably opened with a
violent ejection of mud and debris; mor~ often the process is a gradual
one, accompanying the slow eating away of the rock waJls along the
fissure. The flowing waters slowly clear out the fissure, forming a tube
that permits the freer escape of hot water and steam, while at the same
time the waters change from a thick mud to a more or less clear fluid.
The spring, at first a simple boiling mud-hole, is now an intermittently
boilin-g spring, which soon develops true geyser action. If the opening of the fissure afforded a new outlet for the waters of some already
existing geyser, these changes take place rapidly, and eruptions begin
as soon as the pipe is sufficiently cleared to hold enough water. The
bare rock about the vent or fissure is soon whitened by silica deposited
by the hot waters. This sinter may form a mound about the expanded
tube or basin, or, if the vent be small and spray is frequently ejected,
it builds up the curious geyser cones so prominent in the Yellowstone.
In certain cases the building· up of these deposits may partially choke
the geyser's throat, and cause a diminution of the geyser's energy,
whose forces seek an easier outlet. In other cases the eating out of
new subterranean waterways deprives the geyser of its supply of heat,
*Twelfth Ann. Bept. U. S. Geol. and Geog. Su,rvey T(}rritories 1 vol. n. 1 p. 42i3,
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ar~d the vent becomes either a tranquil laug or wholly extinct, while
the pearly geyserite forming its cone disintegrates and crumbles into
fine shaly debris, resembling comminuted oyster shells. Thus there is
a slow but continual change in progress at the geyser basins, in which
old springs become extinct and new ones come into being and activity.
With few exceptions, where the vents are very new, geysers spout
from basins or from cont>s of white siliceous sinter, or geyserite, deposited about the vent by the hot waters. Such deposits are formed very
slowly, one-twentieth of an inch a year being an average rate of growth
for the deposit formed by evaporation alone. These deposits of sinter
are therefore an index to the age of the geyser. In many cases these
sinter cones are very odd, fantastic structures of great beauty while wet
by the the geyser spray, but becoming white, opaque, and chalk-like
upon drying. Where the spattered drops fall in a fine spray the
deposit is pearly, all(} the surface very finely spicular. If the spray be
coarse the rods are stouter and capped by pearly heads of lustrous
brilliancy. Thus the cone is not only a measure of a geyser's age and
activity, but it tells, in a way, the nature of the eruption.

Art'ificial production of geyser eruptions.-Eruptions of Strokr have,
for many years, been provoke<l by artificial means. The funnel-shaped
geyser throat makes it an easy matter to plug it with a barrowful of
turf cut in the adja(~eut marsh. This acts as a cover, confining the
steam, 'vhieh finally overcomes the resistance and produces au eruption. 'rravellers have also attempted to hasten the eruptions of geysers
by throwing blocks of sinter down the tube, but it is evident that such
measures can only succeed when the forces of heat and pressure are in
a very delicate equilibrium.
In the Yellowstone geyser basins it has been found that geyser eruptions may be hastened or even caused in simply boiling springs by the
t1se of soap or of lye. The discovery of this extraordinary faet v1as
made in a very curious way. A Chinaman was engaged by the hotel
compauy to wa:-;h t lle soiled linen; thinking to utilize the abundance of
hot water provilled by nature, a rude canvas building was put up over a
small, circular, boiling spring near the edge of the Inrehole River. In
this spring tbe partly cleansed and soaped clothes were put to boil,
suspended in a wicker-basket. All went well until tbe Chinaman left his
bar of soap with the clothes, when -the spriug suddenly threw out basket, clothes, and hot water~ wrecking the shanty and starting the
Chinaman on a run from a place that was too near the infernal regions
for comfort. This eruption, and the obsPrved effect of soap in increasing the ebullition of boiling springs, led to the use of soap to produee
eruptions of this boiling but not spouting spring, thenceforth known
as the Chjuaman.
The success attending the use of soap in this instance suggested to
a photographer, F. Jay Haynes, the use of soap, or its equivalent, lye,
to hasten eruptions of those geysers of which he desired to obtain
H. Mis. 334, pt. 1--12
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photographs, and led to experiments by the Geological Survey* showing that eruptions can be produced in many cases of geysers, which have
been most capricious in their exhibitions, or have been inactive for
weeks or even months. The conditions essential to the successful use
of soap or lye for this purpose seem to be that the geyser tube be small,
and the water near its boiling point, if not actually boiling at the surface. Many of the bowls in the Yellowstone possess a temperature at
their surface exceeding the theoretical boiling point for the altitude
by 1 or 2 degrees. This apparently anomalous fact is not due to the
mineral matter held in solution by the hot waters, for the analyses
show that amount to be too small to have any appreciable effect, but
it is explained by the waters being free from air, it beiug well known
to physicists that water freed from air has an increased boiling point,
because of the greater cohesion of the particles. The effect of the
soap is to increase the viscosity of the water, the consequent expl.osive
liberation of steam producing an eruption.
Vctriat-ions in geyser periods.-Many geysers are easily mistaken for
simple hot or boiling springs, since during the long intervals between
eruptions they present no indications of their true nature.
'The interval between eruptions is manifestly dependent upon the two
factors of heat :m<l water supply. It rarely happens that these factor:s are so coustant tlmt the geyser has a definite period. Even in the
case of 01<1 l;'aithful, the most reliable of all geysers, there are very
considerable Yari<.Ltions in the period, though the average is always constant from day to day.
It sometimes happens that a slight change in the conditions-a lessened amount of beat or increased amount of water-will cause a cessation of a geyser's eruptions for a Jong period. This has happened in
New Zealand, where the Waikite geyser, near Lake Rotorua, inactive
for many years, suddenly exploded, scattering blocks of sinter and
scalding several Maoris who happened to be near by. The Excelsior,
undoubtedly the largest geyser of the world, was not seen in action
until1878, continuing its periodic eruptions till 1882, when it ceased
and did not play again until1888. Last summer it was again inactive,
though the water boiled furiously, bulging np several feet in the center
of the great caldron. ~
Observations made in New Zealand have led to the belief that the
eruptions of certain geysers were inflne1Jced by the barometric pressure, and it is said that certain geysers a::.·e only active during the prevalence of a nort1twest wind. Observations in the Yellowstone show no
such correspondence. As a rule the water surface exposed is small and
the effect of temperature a11d pressure would be scarcely appreciable,
yet theoretically it is quite probable that when the forces iu a geyser
are in delicate equilibrium a change of temperature a1Hl pressure of
the air would be quite sufficient to cause au eruption.

a

* "Soaping Geysers," Arnolu Hague.

[Trans . ..d1n. Inst. Min. Eng., Feb., 1889.]
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In an article in the May number of the Meteorologische Zeitschrift
entitled "On the theories of tbe general circulation of the atmosphere,
etc.," l\fr. A. Sprung bas published a criticism of my computation of the
direction aud force of the general atmospheric current contained in my
memoir, entitled "On the conservation of energy in the earth's atmospllere,"presented to the academy March 4, 1886. These criticisms induce
me to make a brief reply, 1wt, indeed, for the purpose of rebutting the
objections of Dr. Sprung to the rigid validity of the results of my computation-objectioiJs with which in part I wholly agree-but to answer
the assumption that I have made the attempt, in the same way as
Ferrel, "to build up on theoretic~! computations a theory of the general circulation of the atmosphere." Setting aside the fact that I do not
consider myself to be sufficiently versed in mathematical analysis for
such an attempt, I bold that this method is utterly inappropriate. A
problem so extraordinarily complicated as that of the general circulation of the air can not possibly be constructed backwards upon the
basis of mathematical computations. There bas been lacking up to the
present time the simple fundamental law governing all the phenomena
in action. In my considerations " Upon the conservation of energy in
the earth's atmosphere," I have endeavored first to state the forces
which produce, maintain, and retard atmospheric motions, and next I
have sought to determine by computation the general motion of the air,
both in direction and magnitude, produced by their interaction. With
respect to this method, it is not correct to say that I, " in the same
way as Ferrel before me, would show by computation an original condition of motion in the atmosphere," in order to make it a basis for my
further speculations. It is equally incorrect to say that in my computations I have wholly neglected the retardation of the motion of the air
by friction.
The meridional air current, very aptly called by Sprung the fundamental circulation (Grunddirculation), upon which my theory of the
"From the Sitzungsberichte de1· Konigl. Preuss. Acad. der Wiss. zu Berlin.

179

180

ON THE GENERAL CIRCULATION OF THE ATMOSPHERE.

general system of winds is based, depends, in plain terms, on the equilibrium between the acceleration of the air in the equatorial updraft
(caused by the overheating of the lowest air layers of the torrid zone
by solar radiation) and the loss of energy which the transported air experiences in its course. The mixture of the air masses, which, without
a "fundamental circulation," must rotate with the velocity of the earth's
surface upon which they rest, is accomplished by it in the course of a
thousand years. I have used the mathematical idea of the sudden frictionless mingling of air layers at an latitudes only in order to determine
in a simple way the condition of motion both with respect to direction
and magnitude already prevailing since a primitive period. Ferrel does
not proceed, as I do, from a fundamental circulation which inter-changes
the air layers rotating with their respective latitude velo-cities while
moving forward and thereby gradually mixes them, but allows this
mingling to be effected in a meridional direction by a frictionless displacement of the rotating rings of air at different latitudes, the reasons
for wllieh are uot specifically given. This conception of the mode of
mixture fnrnishes essentially the same basis for computation as mine,
aud Ferrel reaches the same results of computation so far as the direction of the wi11d currents is concerned. But, on the other hand, there
exists an essential difference in our results for the relative meridional
wind force at the latitude of 35° .
The assumption of Dr. Sprung that neither of the two theories can
be regarded a::; completely correct I wholly agree with. In fact I have
never considered my theory in any other light than as a first approximation to the truth. With this idea I have left out of consideration in
my computation complicated influences, such as that of the decrease of
temperature toward the poles and that of the non-coincidence of the
direction of the centrifugal force with the force of gravity. The latter
fact, whose action is also left out of consideration, that rotating air
masses in higher latitudes must everywhere have the tendency to move
forward in great circles, and thus tend to move toward the equator,
would cause a decrease of air pressure as we approach the poles, and
would consequently essentially impair the result of my computation of
the mixing, if this tendency were not compensated by other forces which
have an opposite effect. It is not these, however, but other assumptions
of a fundamental character which mark a very essential difference betwt-Jen the two conceptions and lead to results quite at variance with
one another. In the first place, I refer to Ferrel's assumption that the
so-called principle of areas, in the form of the conservation of the moment
of rotation, ap.p lies to the displacement northward or southward of the
air rotating with the earth's surface. I can not agree with this, and
must enter my decided protest against the idea that the conservation
of the moment of rotation is applicable to the movement of the air.
The law of areas, borrowed from astronomy, means that a mass
which moves freely around another describes equal areas in equal
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times. This happens in consequence of the acceleration of the rotating mass while approaching the center of attraction of the :fixed mass,
and the corresponding retardation which it experiences in departing
from it. The greater velocity derived from the acceleration results in
the description of a greater arc in a unit of time, and leads therefore
to the laws of areas. Now, according to Ferrel, a mass of air rotating
with the earth's surface in any latitude, when displaced northward or
southward, can not, as I understand it, continue its course with its
absolute velocity unchanged, as would be the case in the conservation
of its vis viva, but its moment of rotation must remain constant, which
corresponds to an important change of velocity. In order that the
moment of rotation shall remain constant-which will be the case if
the linear velocity of the rotating body changes in such a way that
equal surfaces are described by it in equal times-there must be expended a considerable amount of energy in order to effect tlte change
of velocity of the inert mass. But the force that could do this work
is quite lacking. If we shorten the radius of rotation of a rotating
solid mass, then the force which causes the shortening must overcome
the centrifugal force. The sum of the products of all the centrifugal
forces overcome by the paths traversed gives the work performed in
accelerating the rotating mass, and this is sufficient to maintain the
law of surfaces; that is, here the moment of rotation is constant. But
iu the motion of the air upon the earth's surface, no analogous relations
subsist. · In a tangential displacement on the earth's surface, no change
of gravity takes place and no acceleration of the displaced mass by
gravity. It is just as difficult to understand by what means a pressure upon them of neighboring air layers should arise for displacing,
which would be able to do the enormous work of acceleration that the
conservation of the moment of rotation requires!
A displacement of the whole air mass of a rotating ring in a north
or south direction is not practicable, since the volume of such a ring of
given thickness changes with the cosine of the latitude. Thus in a
poleward displacement, a corresponding part of the mass of the ring
must remain behind-relatively, must return to tlle equator. But also
for the portion of the ring of air actually displaced toward the pole, no
physical reason can be found why the conservation of its moment of
rotation must be assumed. On the contrary, this assumption would
lead to the greatest contradictions and discontinuities; for, in the
assu-rned original condition in which no meridional currents yet existed,
from -which Ferrel as well as I have proceeded, the air rotated at each
latitudP with the velocity of the ground upon which it was at rest.
The veloc'ty of the_ masses of air therefore decreased with the cosine of
the latitude Now, with the appearance of a meridional current, this
relation, accw·ding to Ferrel, would not only have to be ·inverted, but
instead of a decrease, an increase in the velocity of the air must take
place at a still h' gher rate, if the moment of rotation of the air is to
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remain constant. But why this must remain constant and what force
could effect the enormous increment of the vis vi,va stored up in the
rotary air mass, remain equally incomprehensible.*
I pass now to another assumption of Ferrel's, with which I cannot
bring myself to agree. It is this, i.e., that on an inclined surface of equal
air pressure there can be a descent of the overlying air layers. It
is just as impm;sible that there . should be an impulse to tangential
displacement on sloping isobaric surfaces as in the case of level surfaces. That such a displacement could not possibly exist is evident at
once from the consideration that a descending stream of air, in case it
actually begins at any time, must immediately develop a change of
pressure destroying the equilibrium, and must at once produce a return
current. It results from this that a continuously progressive heating
of the atmosphere, such as in reality (aside from disturbances) takes
place from the polar regions down to the equator, furnishes no possibility for a meridional circulation such as Dove also has assumed. It
is possible, in such an unequally heated atmosphere, to draw at all
heights isobaric surfaces extending from the equator to the poles, on
which no voluntary air motion can originate.
In spite of the great rarefact,i on by the heat of the torrid zone, the
atmosphere would nevertheless remain at rest if no disturbance of the
neutral equilibrium took place in any pad of it. The neutral equilibrium, with the adiabatic temperature gradient belonging to it, is the true
colldition of the equilibrium and of the relative rest of the atmosphere.
This means that (apart from all friction) no expenditure of work is required to bring a mass of air from one height to another; that is to
say, that the energy consumed in the expansion of the air under pressure finds its equivalent in the loss of heat by cooling, and vice versa.
The general prevalence of neutral equilibrium in the atmosphere is
therefore the cause of its state of relative rest, and every disturbance
of this equilibrium is of the nature of an accumulation of energy and
has a tendency to cause currents in the air and thus to restore the
condition of neutral equilibrium. The origin of these disturbances
is to be sought exclusively in the unequal heating of the air strata
., I must therefore decidedly object to the explanatory statement of Dr. Sprung,
"that my assumption of the constant velocity of rotation of the air would be subject
to the same error, or at least one very near to it, that vitiated the whole conception of
Hadley aml Dove as to the influence of the earth's rotation upon the motion of the
air." Dr. Sprung quotes, quite improperly as a warrant for this opinion, the memoir
by von Heruholtz "Upon atmospheric motions." Von Hemholtz in this mathematical investigation has treated the hypothetical case, viz: "If we consider a rotating
ring of air, whose axis coincides with the earth's axis, and which is displaced either
northward or southward by the pressure of similar neighboring rings, then, according to the well-known general mechanical principle, the moment of rotation must
remain constant." This is undoubtedly correct, since in this assumed case the pressure
of neighboring rings does the work of acceleration, but the present question is this:
·whether forces are demonstrably present which produce this displacing pressuref
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by solar radiation, and in their unequal cooling by the radiation of heat into space. The solar radiation especially heats the
earth's surface, and by means of this, the lower air layers contiguous
thereto. The excess of temperature thereby produced above the
adiabatic ground temperature (which latter corresponds t0 the average
heating of the whole overlying air column), constitutes an accumulation
of free energy, like that of a stretched spring, which can be brought
into equilibrium again only by such a di:fl'mdon of the existing excess
of temperature of the lowest strata upward through the entire overlying air column as shall restore the disturbed equilibrium.
Practically this can only be done by means of air currents. In the
case of a locally restricted overheating there will originate at any favorable place a bulging upward of the overheated air, which then increases rapidly in height, since the upward thrust increases at a rate
proportional to the height of the natural chimney thus formed. But
apart from its height, this chimney is to be essentially distinguished
from an ordinary one by the fact that it has elastic walls, and that the
pressure and density of the air strata inside, as well as outside of it,
diminish with height. Thus the air velocity during the up-rush increases in an inverse ratio to the density, since in every minute of time,
au equally great mass of air must pass through every section of the
chimney. Since, in consideration of the small height of the atmosphere
as compared with the earth's radius, no increase of volume with the
height need be taken into consideration, therefore, in general, the velocity _of the air currents in ascending and descending must increase
and decrease with the locally prevailing air pressure.
Hence, also, in the case of an up-rush of air, more of the solar energy
accumulated in it is transformed into the vis viva of moving masses of
air than would be the case without such an acceleration.
In the case of an up-rush of a limited mass of air overheated at the
ground, the final result is a local uprush with accelerated velocity up
to the higher, and even the highest, air regions, and simultaneously a
descent of the air strata surrounding i,he upward currents, with a velocity diminishing during the descent, and tinally a diffusion of the accumulated heat at th6 earth's surface to all the overlying air strata, with
a restoration of the disturbed neutral equilibrium of this part of the
atmosphere.
In essentially the same manner, but in its outward manifestation very
differently, this restoration of the neutral equilibrium disturbed by
solar radiation takes place when the overheating of the air strata
adjacent to the ground extends over an entire zone of the earth. In
this case the up-rush can no longer be locally restricted, but must systematically surround the whole torrid zone. Neither can it be limited
as to time, but the process of adjustment must continue just as long as
the causes of disturbance. There must therefore originate a circulatory
system embracing the whole atmosphere, which finally performs the ·
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task of conveying the excessive heat of the air strata adjacent to the
ground in the torrid zone continuously to the entire atmosphere at all
altitudes and latitudes, and thereby restoring, by a progressive circulation, the neutral equilibrium disturbed in the torrid zone.
If-with a consideration of the circumstance that the path of these currents can not intersect, and of the further circumstance that the velocity of the uprising- currents must increase with the height in a ratio
inversely proportional to the air pressure there prevailing, and finally
of the circumstance that the air must retain unchanged the velocity
it has once received, until it is destroyed by friction, mixture, or the
work of compression,-one attempts to construct the possible paths of
these currents, then he will necessarily arrive at the wind system assumed by mQ, which rests essentially upon the inertia of the overheated
air set in accelerated motion by the equatorial updraft. This inertia
not only drives the accelerated air in the higher air regions toward the
poles, but it is also the cause of its return in the lower strata to the
equator.
It would lead me beyond the limited scope of this memoir were I to
enter upon a more extended investigation of the inertia effects of this
mass of air, or upon the partly modifying influence of aqueous vapor.
But permit me to add a few words upon the development of the
great local accumulations of energy which find expression in maxima
and minima of air pressure. The total air pressure over all parts of
the earth must be constant, since this integral represents the unchanging- weight of the total mass of air. A local diminution of pr~ssure
must therefore be accompanied by an increase of pressure at other
places. It is manifestly fruitless ~o seek the cause of areas of high
and low pressure in the local condition of the atmosphere. These areas
are frequently announced by the barometer long before any change in
the condition of the atmosphere at the earth's surface has occurred.
Only light streaks of cloud are frequently wont to betoken a change
originating in the higher regions of the atmosphere.
In my memoir, '' Upon t.he conservation of energy in the earth's
atmosphere," I have already removed the place of origination of areas
of high and low pressure to the higher regions of the atmosphere.
In these areas continuous changes of temperature and velocity take
place which are derived from the place of up-rush of the air,-that is,
from their previous temperature and humidity. If no change of seasons took place, probably a greater regularity would prevail in the
upper currents of the air, which then would also give weather relations a definite sequence; such a sequence, up to the present time,
has not been detected. We can not judge from what region the air
comes which at any point of the earth's surface momentarily flows
poleward at higher elevations. The temperature and velocity which
this air has depends on the place of up-rush and on the season of the
year. Now since the consumption of heat in the up-rising of the air,
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and consequently in its compression under pressure, depends entirely
on the degree of rarefaction produced, and upon the height of the
ascent, then nearly the same diminution of temperature will take place
in warm as in cold air.
The excess of heat which the air possessed before the uprush must
cnntinue to pertain to the rarefied and cooled air, and hence, at all altitudes, temperature differences must exist of a magnitude similar to
those at the surface of the earth.
From this basis, the condition of the atmosphere in general will not
be that of unstable, but of stable equilibrium, since the higher air strata,
on account of their equator~al tendency, will be on the average warmer
and lighter than the adiabatic temperature gradient of the place over
which they are found, requires. The higher the excess of temperature of the air before its ascent and the more vapor it contains, the
greater must ue the velocity which it acquires in rising. In the higher
st.r ata of air of middle and high latitudes, relatively warm and therefore ligl1t currents of air of great velocity must alternate with the colder
and slower flowing ones.
Such a current of air, relatively light and warm, which takes entire
or partial possession of the higher levels, destroys the neutral equilibrium of the lower ::;trata. At the surface of contact of the strata, the
lower air which is relatively at rest must be under too great a pres;-;nre. It must therefore expand and be carried along by the lighter air
whieh flows rapidly above it.
As von Helmholtz has shown, this process must go on with great
energy under a wave form. The result must be an expansion and
up-flow of the lower air, which will eontinue until neutral equilibrium,
<listnrbed by the diminished pressure of the upper strata, is again
restored.
The inverse case will occur where the air pressure of the upper strata
is increased beyond the amount belonging to the elevation, by reason
of cooling and of backing up, resulting from the narrowing of the
current with increasing latitude. In this case there will be a settling
down of the bounding strata~ producing a condensation of the lower
strata with a corresponding increase of pressure. Finally, in both
cases, the disturbed neutral equilibrium must be restored through the
action of upward or downward currents, by means of which the air
strata lying beneath the sources of disturbance part with or take up
air until neutral e·q uilibrium is restored throughout the entire height
of the atmosphere.
In order to effect this, the air pressure of the lower strata must increase or diminish until it becomes adjusted to the pressure gradient
of neutral equilibrium of the disturbing upper strata. That is to say,
the pressure at the earth's surface must change proportionately with the
variation of pressure at the elevation itself, whereby the surprising
magnitude of the changes of pressure at the earth's surface find their
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complete explanation. This change of condition of the lower strata
by this mode -of adJustment will continue just as long as the causes
of disturbance in the upper strata continue. Till then, areas of low
pressure with rising currents or areas of high pressure with a downward motion must prevail and set the atmosphere over an extended region into cyclonic motion. Not till the air current in the
higher strata of the atmosphere has again reached its normal relations,
will a mean baron;:tetric pressure' and relative rest again prevail at the
earth's surface.
The theory of the general circulation of the atmosphere may now be
summed up in the following principles:
(1) All motions of the air originate in disturbances of the neutral
equilibrium of the atmosphere and serve the purpose of restoring it.
(2) These disturbances· are brought about through overheating of the
strata of air lying next to the earth's surface by solar radiation, by
unsymmetrical cooling of the higher strata by radiation, aud by backing up of the moving masses of air in case of the occurrence of resistances to the current.
(3) The disturbances are compensated by rising air currents having
an acceleration of such magnitude that the increase of velocity is proportional to the decrease of air pressure.
( 4) Corresponding to the upward currents are equally great down- _
ward currents in which a diminution of velocity occurs comparable
with the acceleration in the case of the rising current.
(5) If the region of the overheating of the lower air is a restricted
one, a local up-draft sets in which extends up to the highest part of the
atmosphere, aud presents the phenomena of whirl pillars, whose interior
consists of spirally ascending- currents and whose exterior is made up
of similar spiral air currents directed downward. The result of these
vortex currents is to diffuse the surplus heat of the lower air by which
the adiabatic equilibrium was destroyed throughout all the overlying
air columns which take part in the vortex motion.
·
(G) In case the region of disturbance of neutral (or adiabatic) equilibrium is very extended, so as for example to embrace the whole torrid
zone, then the equalization of temperature no longer takes place by
means of locally uprising vortex currents; now these currents must
form and encompass the whole atmosphere.
The conditions of accelerated uprise and of retarded down-flow laid
down for the local whirl still hold good,- so that the velocity of the
air motion at different heights, developed by the energy of heat, is
increased approximately in proportion to the air pressure there prevailing.
(7) Since the whole atmosphere (in consequence of the continuous
meridional circulation set up and maintained by the energy of heat)
must rotate at all latitudes with approximately the same absolute
velocity, the meridional currents produced by overheating unite with

ON THE GENERAL CIRCULATION OF THE ATMOSPHERE.

187

the terrestrial current in the great system of atmospheric circulation
embracing the whcle earth. This circulation serves the purpose of d_iffusing upwards through the whole atmosphere the excessive heat of
the torrid zone) of carrying this equatorial heat anQ. humidity to middle and high latitudes, and of bringing about the development of
local air currents at those parallels.
(8) The latter phenomena take place as a result of the production of
alternating local increments and decrements of air pressure arising·
from the disturbance of neutral equilibrium in the higher strata of the
atmosphere.
(9) Areas of high and low pressure are consequences of the temperature and velocity of the air currents in the higher strata of the
atmosphere.
I consider the investigation of the causes and results of the disturbances of the neutral equilibrium of the atmosphere to be the most
fundamental problem of meteorology, and the investigation of the
geographical origin of the currents which pass over us on their way
towards the pole to be the most important problem in weather prediction.

THE GULF STREAM.*

By

ALEXANDER AGASSIZ.

The Gulf Stream is the best known and at the same time the most remarkable example of the effect of oceanic circulation upon the distribution of temperature in connection with the currents ofthe North Atlantic. It bas ~ong been known to geographers that a cold current coming
from Greenla11d joius the Labrador current, and extends in a southerly
direction aloug tlle eastern coast of the United States, while a warm current pouring thr~ugh the Straits of Florida flows in the opposite direction t along the coast of the southern Atlantic States, and is deflected
from the banks of Newfoundland crossing tlre Atlantic diagonally.
This body of warm water makes itself felt along the west coast of tlle
British Islands, penetrating even as far as the coast of Spitzbergen,
and perhaps beyo11d, toNova Zembla. It is impossible to discuss the
results of the more recent inveRtigations of the Gulf Stream carried on
by the Blcdw, without including the general questions of oceanic circulation, and of the thermal conditions of the Atlantic in particular. I
~hall therefore briefly state such points, derived from the explorations
of the GhaJlenger and other expeditim1s, as will assist us in understanding the history and physics of this great oceanic current.
Sir Charles J_-yell has called attention to the fact that in the present
epoch the most marked physical feature of the surface of the globe is
its subdivision into a land and an oceanic hemisphere. Thomson, like
him, looks upon the oceans as continuous, and has happily styled the
Atlantic, the Pacific, and the Indian oceans as great gulfs of the Southern Oceait.
The striking hydrographic eharacter of the North Atlantic is its com parative isolation from the Arctic Oceall; the South Atlantic, on the
contrary, is fully open to the cir,~u]ation of cold water coming from the
* From the Bulletin of the Jl{nseurn of Compamtive ZoOlogy, at Harvard College, in
Cambridge, Mass., vol. xrv: chap. ix, pp. 241-259.
t Along tbfl American coast the sudden transition from the green, cold, and more or
less turbid water found along the coast and continent~tl shelf, into the deep blue
waters of the warm Gulf Stream, is one which has been noticed by all who have
passed from the shore seaward. This cold green water, which has such a chilling
influence on the climate of the New England States, follows the line of the Atlantie
coast of the United States far towards the base of the peninsula of Florida.
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.Antarctic Ocean. The South .Atlantic is shut off from its northern area
by the ridge extending from St. Paul's Rocks to .Ascension, at a depth
of about 2,000 fathoms. The Qhallenger Ridge runs nearly north and
south, leaving a free communication between the .Antarctic Ocean and
the eastern and western basins of the South .Atlantic. The North Atlantic is subdivided into an eastern and western basin at a depth of
about 1,500 fathoms by the Dolphin Rise, which follows in a general
way the course of the S-shaped Atlantic basin. Ridges separating the
.Atlantic from the .Arctic Ocean extend across Denmark Straits, probably at a shallow depth. From Greenland to Iceland the depth has an
ayerage of 500 fathoms; from Iceland to the Frnroes, an average of about
300 fathoms, and from there to the Orkneys, of not more than 220 fathoms. From the configuration of the bottom it is evident that a larger
amount of cold water must reach the tropics from the Antarctic than from
the .Arctic regions,* which are shut off from the Atlantic by submarine
ridges. Over these and through the channels of B-affin's Bay but a
limited amount of cold water can find its way south. In the eastern
.Atlantict the principal cooling agent must be the cold water slowly
flowing northward from the Antarctic between the Challenger Ridge
and Africa.
The shape of the northern extremity of South America, together with
the action of the southerly trades, is such as to split the southern equatorial current, and to drive a considerable part of this southern current
northward to join the westerly drift which flows to the northward of
the Greater Antilles and Bahamas. The phenomena of oceanic circulation in their simplest form are here seen to consist of westerly currents
impinging upon continental masses, deflected by them to the northward
and eastward, and gradually lost in their ·p olar extensiou.
There is on the west side of the North Atlantic an immense body of
warm water, of which the Gulf Stream forms the western edge, flowing
north over a large body of cold water that comes from the poles and flows
south. The limits of the line of conflict between these masses are con* The temperature line run diagonally across the Atlantic from Madeira to Tristan
da Cunha bJ- the Challenger brings 'JUt tho remarkably shallow stratum of warm
water of that part of the equatorial regions which corresponds to the regions of the
tradewinds both north and south of the equator. The t.emperatures of the belts of
water between 200 and 500 fa thorns north and south of the line plainly show that the
colder water found so nth of the e(]_uator can not come from the warmer northern belt
of the same depth, but must come from the colder belt adjoining the equatorial region. In other words, the col1l water may bo saill to rise towards the surface near
the equator; and from the temperature of the two sides of the North Atlantic it is
also evident that the supply of cold water flowing from the Antarctic into the Atlantic is grf'ater than that coming from the Arctic regions. This vertical circulation, characteristic of the equatorial belt, is insignificant, however, when compared
with the great horizontal oceanic currents.
tIn the Pacific the a.monnt of cold water fl.owing into it through the narrow and
shallow Bering Strait is infinitesimal compared with the mass {)f cold water creeping northward into the Pacific gulf from the depths of the Southern Ocean.
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stantly changing, according to the seasons. At one time the colder
water from Davis's Straits spreads like a fan near the surface, driving
the Gulf Stream to the east,* and at another, large masses of warm
water extend towards the Faroe Islands, with branches toward Iceland
and the coast of Portugal.
An examination of an isothermal chart of the Atlantic clearly shows
the effect of the isolation of the Northern Atlantic, the area of maximum temperature (820) extends over a far greater space in the N ort.h
tbau ~n the South Alan tic. The Gulf of Mexico and the Caribbean l>ccome greatly superheated iu September (to above 86°), the efl'ect of tlds
superheating in conjunction with the westerly equatorial drift lJeillg'
seen clearly in the northerly extension of the isothermal lines. Iu the
South Atlantic, t owing in part to the greater regularity in the shape of
the basin, the difference in the extension of the isothermal lines is l>nt
little marked.
The temperature sections of the Challenger, from Teneriffe to Sombrero, show remarkably well the great contrast in temperature betweell
the eastern and western basins of the Atlantic, which are separated by
the Dolphin Rise. In the eastern basin the cold water on the bottolll·
it; uupplicd by tlte iudraft from the South Atlantic, while the warmer
surface water of the western basin is due to the westerly equatoriaL
currents. We seem, therefore, to have masses of water of different
temperatures accumulated at certain points by surface or bottom cutrents, to be distributed again, either north or south, into the generni
oceanic circulation, thus restoring the equilibrium disturbed by the unequal distribution of heat and cold on the surface of the ocean.
Another temperature section (Fig. 1), which I shall borrow from the
Challenger soundings, to complement the work of the Blake in the same
regions, is that which extends from Halifax to the Bermudas, and thence
to St. Thomas. The temperatures observed by these vessels show
plainly the path of the warm surface water, which flows outside of the
West India Islands, and joins the Gulf Stream proper, whose waters
when united are banked against the cold Labrador current in its course
along the American coast.
Undoubtedly, the early observations made upon the temperature of
the ocean were defective, owing to the somewhat imperfect instruments
at the disposal of the early explorers; yet they determined the general
position of the cold and warm currents of the ocean along our shores.
*The direction from which the currents come is plainly shown by the nature of the
bottom specimens, made up in part of globigerinre brought by the warmer southerly
surface currents, and in part of northern foraminifera and of volcanic sand derive<l
from Jan Mayen and Spitzbergen. The dividing lines between these deposits may be
considered as the boundaries of the arctic current where it passes under the Gulf
Stream.
tThe parallelism of temperature is also very marked in the South Pacific, where
there are uo <bsturbing influences. (See J. J. Wild, Thalassa, (pl. xv.) and Chall~ngm· Temperatures.)

.,.,

f

.
.§.

~
"Jl

"'"'

.;
JJ

6oo

~

~
~
~
~

if]

~

H

p

\..':5

;

~

..,0

g
~

~

. . . ·- ·_\ . :
!

E-t

" ~ Ot~~\1")
"11\l'lcoN

N

•

0

cq

~

...

N

0

~

,..

..t
~

~

0

~

~

~~
0

.."'

ID

0

:..

65'
6o'

l

Jo•

.............. \ :

.m ~~:::~~:=::~\

PR:OM

I

:~·
o

I

!ro
:

~os·

l

: : ":i~~1-~~-~hl.
2300

c
IQ

.foo

'/0

j

I

~

!I:l

~

s

,.;

i., ~~E.foo
~
"'

l

·r
i

1-··--····-·······--·-·---·-·····\

l

:

3~·
I

i

!To

4-0"

•

i i

ii
:

c

il
3G~

:36•5

3Gb

.

_______ ......

............................___________

------------- ------------··-·····--·--···-··-------------------------"·--~--------··-----------~---~------------.,·~~--~~
_._ ..._
._ ....._.._

............... _....._.................................. .. .........

~---~-----·

---·

3100
3200
3300

34·00

a !>oo

~ 6 oo
3700

38oo

3900

C'l

m
M

~ooo

----------~--------~-

FIG. I.-Challenger obserYations.

.. ·---------~~~--~--···-~-~--·-·-·--------·---

THE GULF STREAM.

'

193

The more systematic work of the officers of the Coast Survey first
proved the existence of vast bodies of water, of considerable thickness,
and of very different temperatures at corresponding depths, moving in
opposite directions. It is to the Coast Survey that we owe the demonstration of the fact that the waters of the polar regions pour into the
tropics along the bottom, just as the warmer equatorial waters flow
across the temperate zones near the surface, and. make their influence
felt in the polar regions.
The submarine ridges interrupt the flow of these cold polar waters,
and form the so-called closed basins, with a higher bottom temperature
than that of the adjoining oceanic basin. The effect of such ridges
upon the bottom temperature was first traced by the soundings of tile
Porc~tpine in the North Atlantic and in the Mediterran{'an. Subsequently the Challenger discovered several such inclosed seas while
sounding in the East Indian Archipelago.
The correctness of these results has been confirmed by the Coast
Survey, from soundings in the Caribbean and in the Gulf of Mexico;
their bottom temperature (at a depth of over 2,000 fathoms) is exactly
that (·39~ 0 ) of the deepest part of the ridge, at about 800 fathoms, which
separates them from the oceanic Atlantic basin, with its temperature
of 360 at the depth of 2,000 fathoms.
The presence of thick layers of water having a higher bottom temperature than that of adjoining areas would indicate the presence of
ridges isolating these warmer areas from the general deep-sea oceanic
circulation. A map of the Atlantic, made entirely with reference to
the temperatures, would correspond to a remarkable degree with the
topography of the bed of the ocean, and show how and where the breaks
in the continuity of the circulation, both for the arctic and antarctic
regions, occur in the Atlantic.
It was not however until the 1\iiller-Oasella, thermometer came into
general use for deep-sea investigations that a degree of accuracy before
unattainable in oceanic temperature became possible. It soon was a
well-recognized fact that as we go deeper the temperature diminishes,
and that at great depths the temperature of the ocean is nearly that
of freezing. In 1868-'69, in the Faroes Channel, the Porcupine found
a temperature of -1.4° C. at a depth of 640 fathoms, and a temperature of 0° C. at 300 fathoms, this being a southern extension, as was
subsequently found, of the deep basin of 1,800 fathoms lying between
Norway and Iceland. The same temperature, 0.9° C., occurs under
the equator at a depth of about 2,300 fathoms, while 5° C. is found at
a depth of 300 fathom~;. As early as 1859 the Coast Survey had recorded in the Straits of Florida a temperature of 400 F. (4.40 0.) at a
depth of 300 fathoms) while at the surface the temperature was 800 F.
(26.70 0.). Beyond 1,000 fathoms the temperature diminishes very
slO\vly. The Challenger also found a temperature somewhat below zero
off the Rio de la Plata, at a depth of about 2,000 fathoms.
H. Mis. 334, pt. 1--13
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The temperature of the oceanic
basin depends upon the depth, the
latitude, the currents, and the seasons; that of mediterraneans (landlocked seas) is controlled by other
causes, which will be more fully discussed when we come to treat of the
temperature of the Caribbean and
of the Gulf of Mexico. The constants
rtre the depths and latitude, while the
disturbing elements arc represented
by the varying atmospheric and oceanic currents and the seasons.* The
efl'ects of seasonal differences of temperature do not extend to great
depths, yet act with sufficient power
greatly to modify the force ~tnd volume of the oceanic currents. As a
general rule, the temperature diminishes from the surface toward the
bottom, a belt limited in depth (about
150 fathoms) alone, being subject to
variations clue to the action of the
sun. Below that the temperature
generally decreases with the depth,
until we reach the body of water of
which the temperature may in general be said to be uniform (about
35° ).t
As explanations of the oceanic currents, we have first the gravitation
theory, which looks upon the differences of temperature and of specific
gravity of the water at the equator
and poles as the prime cause of oceanic circulation; next, Thomson's
theory, according to which the difference in evaporation and precipitation
between the northern and southern
hemispheres causes a consequent
heaping up of water in the south·x· Dr. J .. J. Wild has given in'' Thalassa n an excellent eli a gram, showing at a glance
the general relations of the temperature in the liq uicl envelopes to tlJC earth's crust.
It is here re-produced (Fig. 2), slightly modified.
t As currents sink as soon as their temperatnr<' falls below that of adjoining waters,
and as the temperature diminishes from the snrface toward the bottom, as well as
from the cqnator to the pole, a combination of these varying elements may produce
a somewhat complica,tecl circulation.
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ern hemisphere, which south of l:.ttitude 50° is completely covered by
water; thirdly, the theory which attempts to account for the circulation
by the vis inertim of the equatorial waters; and, lastly, the theory which
considers the trade-winds and other prevailing winds as the principal
causes by which oceanic currents are produced. Franklin, Humboldt,
Rennell, Sir John Herschel, and Croll have supported this view of the
origin of oceanic currents.
Of course, until the extension of the frictional effect of winds to great
depths has actually been measured~ the last theory, plausible as it may
appear, lacks its final demonstration. It is by no means proved, because there is an apparent connection in time between the periodic variations of the currents and of the trade-winds, that we must seek in the
latter the only cause for the existence of the former. The presence of
the Guinea Stream, the position of the regions of calms in the northern and southern hemispheres, the diminishing force of the trade-winds
as we approach the equator, the rise of the colder strata of water to
shallower depths in the equatorial than in the temperate region'3, are
phenomena which the action of the trade-winds alone does not seem to
explain. Why may not oceanic circulation, like the movements of our
atmosphere, be depeudent upon cosmic phenomena, practically independent of any secondary causes, and modified by them within very
narrow limits~
The difference in salinity of certain oceanic districts is in itselfinsufficient to explain oceanic eirculation; so that while the secondary causes
referred to above are undoubtedly active as producing more or less extensive local circulation, we seem justified in looking upon the differences of temperature of the zones of the ocean as the principal cause of
the general oceanic circulation. We may state, in the main, that the
density of the ocean water is least at the equator, gradually rises
toward the poles, aud attains its maximum at 60° of latitude. For
the sake of convenience we may call the density of the ocean as one at
a depth of 500 fathoms, and consider the strata of water above and below as having a less and a greater density,* within very narrow limits;
thus the watery envelope is not in a state of equilibrium.
The most important disturbing factors of a uniform distribution of
oceanic temperature are the continental masses which lie in the path
of the equatorial currents. A comparison of the position of the
oceanic isotherms of the North and South Atlantic shows a striking
contrast in their course north and south of the equator. A similar
comparison between the Atlantic and Pacific brings out plainly the
contrast in the course of the isotherms of two oceans, in which the
disturbing effect is due in the one to continental masses and in the
other to large groups of oceani-c islands.
*Ocean water, at depthH exceeding 1,000 fathoms, hm'< a temperature of nearly 35°
F., the temperatnre of greatest density. Should the water become either cohler or
warmer, it must expand; this it can not do, on :wconnt of the pressnre.
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Perhaps the best example of the unstable equilibrium existing between adjoining oceanic areas is furnished by the heaping up of the
waters driven by the tradewiuds into t.he Gulf of Mexico from the
Caribbean. The amount of this accumulation bas actually been meaRured by officers of the United States Coast Survey. It gives an additional force at work to keep up the efficiency of the Gulf Stream. The
Gulf of :Mexico is considered by Mr. Hilgard as an immense hydrostatic reservoir, rising to the height of more than 3 feet* above the
general oceanic level, and from thh; supply comes the Gulf Stream,
which passes out through the Straits of Bemiui, the only opening left
for its exit.
Arago, Lenz, and Leonardo cla Vinci before them, maiutained that,
since the water of the equator was greatly heated and lighter and
attained a l1iglter level, there was a flow of the surface waters towards
the poles, a compensation being established by the flow of lower strata
from the poles to the equator. 'Ihe principal features of this thermic
theory have of late found their most efficient exponent in Dr. Carpenter. The results of his experiments to prove this theory upon a small
scale seemed to show that the cooling of the waters at the pole and
their rapid fall were a more efficient force than the beating of the
water at the equator. Ferrell has called attention to the phenomenon
that cold water at the bottom will be swung more to the westward than
the water at the top, which will be turned in an easterly direction. As
the particles of water ascend, they retain the velocity they had in
deeper parts of the ocean, and thus, when reaching either the surface
or lesRer depths than their original positio11, they must show themselves
as producing· a westerly current. This current, deflected by the continental masses as it strikes the east coast, would then be set in motion
towards either the north or south pole. At the equator, the water
which flows westward from the eastern shores of the continental masses
can only be replaced by the compensating waterR flowing to it from the
north and south. This circulation fairly agreeR with the phenomena
observed in the South and North Atlantic.
It is interesting to trace the gradual development of our knowledge
of the Gulf Stream and to see how far-reaching has been the influence
of the oceanic currents upon the explorations of maritime nations, and
the effect these have had in their turn on the discovery of America
and its settlement.t The hardy Norse navigators, nearly five hundred
years before Columbus, sailed along the eastern shores of Greenland
and America, and extended their voyage possibly as far south as N ::trraganset.t Bay, following the Labrador current, which swept them along
our eastern shores. It was well known to navigators that upon the
""· By a most careful series of levels, rnn from Sandy Hook and the month of the
~lississippi

River to ~t. Lon is, it was tliscoYcred t,lwt the Atlantic Ol·can at the 1irst
point is 40 inches lower than the Gnlf of Mexico at tlle month of the Mi~>sissippi.
t See Kohl, J. G., Gesohiohie des Go7fstrom8 u11d seinc1· E1jorsclnmr_t, 1868.
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western shores of Nonra.y all(l the northern coast of Great Britaiu
driftwood of unknown timber and seech; of plant::; foreign to the temperate zone were occasionally strawled, eoming ii.·om shores where
probably no European had as yet set foot.
The Portuguese navigators, sailing west, came beyond the Canaries
to an ocean covered with seaweed (the gulf-weed of the Sargasso Sea),
through which none dared to push their way, and the problem of the
"Sea of Darkness" remained unsolved until the time of Columbus. He
possibly was famibar with the traditions of the voyages of the Norsemen and undoubtedly had access to more or less accurate information
regarding the Atlantic, accumulated previous to his time in the archives of Portug·al and Spain or circulated among the sea folk of that
day, anu this information included legends of lands to the west. Colurn bus started under the full persuasion that he could reach the lands
from which the remarkable products brought by the currents had
originated. When he came into the region of the northeast trades
and found himself swiftly carried westward, not only by the winds, but
also by a current moving in the direction of the trades, his return
seemed very hazardous, unless he could strike upon that opposite current which had borne the trees and seeds to the northern coasts of
Europe. Obliged by the trades to take a northerly course on his way
home from Hispaniola in1493, he came upon the region of variable and
westerly winds, with a current setting in the same direction. -Columbus was thus the first to introduce the circular sailing course which,
up to the present day, vessels sailing from the West Indies to Europe
are compelled to take. They come before the wind with the trades,
make the vVindward Islands, and, sailing northward, find their way
through the Windward or the Mona Passage, until they reach the belt
of variable and westerly winds, when they steer toward the European
shores again.
After reaching the Mexican coast, Columbus, by one of his broad
generalizations, practically discovered the Straits of Florida, arguing
that it must have an outlet into the Atlantic and that he would thus
escape the tedious voyage in the teeth of the northeast trades, which
would be his lot if he attempted to find his way home by the usua~
route of the Windward or the Mona Passage. In 1519, an expedition
inspired by Ala minos was dispatched by Garay, governor of Jamaica,
to follow the easterly current running along the northern shores of
Cuba. The expedition, however, did not succeed in passing to the
eastward of Cape Florida.
An accurate knowledge of the currents and winds enabled the freebooters of the sixteenth century to carry on their depredations with
impunity, and their successors, the wreckers of the Florida reefs and
Bahamas, made use of their intimate know ledge of the coasts and of
the winds a~1d currents to obtain commercial advautages, not always
by the most honest methods. With the mapping of the reefs by the

198

THE GULF STREAM.

Coast Survey all this llas disappeared, and tile lighting of the great
highway of the Straits of Florida has reduced to a minimum the dangers of navigation, though the Tortugas are sti11 a favorite resort, even
in broad daylight, for old ships properly insured.
The captain of one of the Spanish vessels was carried south, oft' the
coast of South .America, by the current which sweeps from Cape St.
Roque along the shores of Brazil, and involuntarily discovered the Brazilian shore current. Though these different currents were known to
exist in the Atlantic, the most crude notions of their origin and course
prevailed. (Fig. 3.) .According to Columbus, at the equator the waters
of the ocean moved westward with the heavens above, rolling over the
:fixed earth as a center. It was only in the seventeenth century that
physicists began to suspect a connection between the currents and the
rotation of the earth, a view afterwards maintained by .A.rago and Humboldt.
The :first scientific basis for the exploration of the Gulf Stream was
undoubtedly due to Franklin. .A.t the time he was Postmaster-General
of the colonies, his attention was called to the fact that the royal mail
packets made much longer passages to and from Europe than the trading vessels of Massachusetts and Rhode Island. On talking the matter over with Capt. Folger, of Nantucket, he :first learned the existence
of a strong easterly current, of which the New England captains took
advantage in going to Europe, and which they avoided by sailing a
northerly course on the home voyage. Folger also called Franklin's
attention to the fact that this current was a warm one.* He and Dr.
Blagden becoming interested in the question, Franklin set out to ascertain the size of the current and its temperature. Soon after, Franklin
published the :first chart of the Gulf Stream (Fig. 4), for the benefit of
navigators, from information obti...:':ned from Nantucket whalemen, who
were extremely familiar with the Gulf Stream, its course, strength, and
extent.
From the time of Franklin until the problem of the Gulf Stream was
again attacked, in 1845, by Franklin's descendant, Prof. .A.. D. Bache,
of the United States Coast Survey, many ingenious theories were
published, but nothing was added to our knowledge of the origin and
structure of the Gulf Stream. Humboldt, .A.rago, and others attempted
to trace in the Gulf Stream a secondary effect of the trade-winds, and
of the rotation of the earth. The officers of arctic expeditions sent to
Spitzbergen did not fail to see the effect of a mass of warm water
passing northward, and Von Baer was among the :first to consider this
body of water as an eastern extension of the Gulf Stream. Meanwhile
the arctic explorers of Baffins Bay and western Greenland found themselves baffled in their efforts to reach high latitudes by the powerful
., It was noticed by Lescarbot, in 1605, that far north there was a mass of warm
water moving toward the east, and that both north and south of it the water of
the Atlantic wai coolel'.
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southerly current, carrying with it fields of ice or huge icebergs, which
had found their way Houth below the southern limits of the Banks of

Newfoundland, and even beyond the latitude of Cape Cod and Nantucket Shoals.
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Tho earlier work of the Coast Survey in it~ inve~tigatious into the
structure of the Gulf Stream (184.5 to 1860) consisted in making seetions across the stream, from the Straits of Bernini as far north as the
latitude of Nantucket. From the studies of Craven, Maffitt, Bache,
and Davis were developed the so-called cold and warm bands, believed at
that time to be the princival characteristic of the Gulf Stream. The
accompanying map (Fig. 5), published in 1860 by the Coast Survey,
will serve to illustrate the structure of the Gulf Stream as it was then
understood; namely, as a succession of belts composed of warm northerly currents flowing side by side with a cold southerly current, or of
a cold southerly current which had found its way under the warmer
northerly currents. These alternating belts had no definite position,
the size of the colder bands and warmer belts being dependent, the one
upon the force of the arctic current, the other upon that of the tropica]
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current, increased in breadth and volume beyond the Bahamas by the
whole of the warm belt of surface equatorial water, which is deflected
northward by the Windward Islands, instead of forcing its way through
the passage between the Wjndward Islands, the Mona and Windward
passages, and the Old Bahama Passage.'X<
*Great as is undoubtedly the effect of the Gulf Stream proper (Fig. 6) in increasing the temperature of the water in northern latitudes subject to its influence, we
must not forget to add to it that of the greater mass of heated water which is forced
north, and finds its way to the northernmost shores of Siberia, losing in its passage
the heat it has accumulated within the tropics. So that, while we <:an not say that
the Gulf Stream has disappeared, and has been replaced off the Banks of Newfoundland by the equatorial drift, neither can we ati;ribute to the Atlantic drift alone the
masses of warm water found in the basin of the northern part of the North Atlantic.
(See Figs. 1 and 6.)
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Commander Bartlett found no warm or cold bands, no distinct cold
wall, and no bifurcations in the surface waters till he came off Hatteras.
Near the shore the current was greatly influenced by winds. The
work of the Blake seems to show that the cold ba11ds, so called, which
figure so largely in all early descriptions of the Gulf Stream, have no
regularity, and only represent at any given mome11t the unceasing conflict going on between layers of water of different velocities and of different temperatures. Such a conflict is perhaps the well-known rip
we encountered off Charleston, which may be caused by a Rtruggle between portions of the Labntdor current passing under the Gulf Stream.
As the isotherms rise and fall with the irregularities of the bottom,
where water accumulates or piles against ridges, hot and cold bands
may be flowing one above the other. We need lwwever more prolonged observations to show how far below the surface these bands
extend. Commander Bartlett, from the last Coast Survey investigations under his direction, is inclined to cousider the cold bands of the
Gulf Stream as quite superficial.*
A cold current striking against a warmer stream that is flowing in
the opposite direction may split it into more or less marked hot and
cold bands. Bands similar to those of the Gulf Stream were observed
by the Challenger in the Agulhas current off the Cape of Good Hope,
and off Japan in the Kuro Siwo.
It is of course difficult to ascertain the part taken by the trade-winds
in originating the oceanic circulation of the Atlantic. That winds
blowing steadily from one quarter give rise to powerful currents is
well known, and it is not difficult to imagine the prominent part the
trades must play in setting in motion, in a southwesterly and a northwesterly direction, the mass of water over which they sweep so persistently on each side of the equator.
The change of currents in the Indian Ocean due to the shifting of
the monsoons is well known. How far below the surface this action of
the winds reaches, is another question.+ Theoretically it has been calculated by Zoeppritz that one hundred thousand years is ample time to
allow the friction of the particles to extend fi'om the surface to the bot"In sa,iling from Halifn,x to the Bermuda.s, Sir vVyville Thomson speaks of passing
alternate belts of cold and warm water. Early in the morning of the 22d of May,
the surface water was of a temperature of 17° C.; at midnight it had fallen to 120
C., to rise again half an hour later to over 15° C. Thus, from the time the Challenge?" left Halifax 'iYith a, snrfa,ce temperature of 4° C., gradually rising to 100 C. until
she eneonntcrecl the Gulf Rtream proper, marked l!y a rapid rise of temperature, she
passed through alternate l!elts of warm and cooler surface waters yarying between
18° C. and23° C.
t The movement arising from the action of the winds on the surface is transmitted
by friction from one layer to another and communicates tl1e velocity of the upper
particles to the underlying layers in succession. If this is continued lon a enouo·h
the velocit.y of the lowest layers will equal within a fraction that of the up;er la:;~er:
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tom, say to 2,000 fathoms, were the winds to blow without intermission
in one direction during that time, \vith the average power they are
known to possess.*
We may imagine the whole of the mass of the Atlant,ic within the
belt of the trade wh1ch; to be moving in a weRterly direction and im11inging npou tlle continental slope of South America, t and upon
the Wind ward Islands, at which point it is deflected either in a southerly or northerly direction or forces its way into the Caribbean. In
our present state of knowledge it is diffienlt to trace the path of the
equatorial ·w ater as it is forced into the eastern Caribbean. Commander Bartlett supposes that it is ·w armed in the Caribbean by circulating round the whole basin. The water which is swept into the
Caribbean by the trade winds through the passages between the vVindward Islands and, beiug then driven into the Old Balmma Ol!anuel
funnel, flows through the Windward Passage, represents a far greater
mass than that which can find its way into the Gulf of Mexico through
the Straits of Yucatan or that of the stream flowing north through the
Stra,its of Bernini. This is the aetual Gulf Stream, a body of superheated water filling the whole stntits; it has an average <lepth of about
350 fathoms and a velocity extending to the bottom of at least 3~ miles
an hour.t
The section of the Yucatan Chaunel is too small to allow for an outflow equal to the inflow into the Caribbean,§ so that, after the trades
have ceased to force the equatorial water into the Caribbean basins, it
must remain there a considerable leugth of time before it passes into
th e Gulf of Mexico, where, owing to similar differeuees between the
rate of inflow and outflow, the water must still beeome more superheated.
We must therefore consider the Gulf Stream proper, as it emerges
from the Straits of Bernini, as an immeuse body of super-heated water
*It is therefore possible that currents which owe their existence to causes that
have been modified to a certain extent should still exi~t in the ocean long after the
conditions producing them (acting from the snrface) have ceasetl to be effeclih'c by
any break of continuity due to the interposition of islands or of uanks in the track
of oceanic currents.
tDid the Gulf Stream not meet continental masses, it would simply expand north
and sonth, losing its inithtl velocity, ancl grallually cool down to\Yards the polos,
the cold penetrating all the deeper portion~ of the ocean, just aFJ we find it reaching
the higher summits tllat rise above the line of perpetual snow.
:j: Current observations taken by Mitchell off the coast of Cuba, in the deep part
of the Gulf Stream, sllow that it has a nearly uniform aml constant velocity for a
depth of 600 fathoms, although the temperature varies 40° F~ A part of this water emerges again at a higher tempemtnrc between Guadeloupe and Haiti aml joins that portion of the equatorial current \Yltich finds its way
into the Windward Pnssage. This increased temperature lllay be due to its pa~s
ing over shoals and banks at the northeastern end of the eastern basin of the
Caribuean.
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retaining an initial yelocity which originated in lower latitudes, then
losing both its velocity and its heat on its way north.*
The Straits of Florida have a width of about 48 miles between J upiter Inlet aud Memory Rock; the greatest depth is 439 fathoms, and the
cross-section 430,000,000 square feet. At three knots, the delivery would
be, as calculated by Commander Bartlett about 436,ooo,ooo,ooo,ooo
tons a day, an amount of warm water far less than we find over the
North Atlantic, which, as has been shown, is derived from the western
set of the equatorial current, joining the Gulf Stream in its way towards
European shores.t (See Figs. 1-6.)
Commander Bartlett thus describes the general course of the Gulf
Stream:
''The Gulf Stream has for its western bank the 100-fathom curve as
far as Cape Hatteras. It has a depth of 400 fathoms as far as Charleston, where it is reduced to 300 fathoms; but the Arctic current has for
its western bank the 1,000-fathom curve, which is quite close to shoal
water from the George's Bank to Hatteras.
"The average surface temperature in the axis of the stream ra:rely
exceeded 83° F. in J nne and July. On one or two occasions the thermometer read as high as 86° and once 89°; but it was at high noon in
a dead calm. The temperature at 5 fathoms did not range above the
average of Sl~o.
"The increase of temperature of the surface was found as we entered
the current. - - " The surface temperatures did not indicate a cold wall inside of the
stream and the water inside of the 100-fathom line to the shore seemed
to be an overflow of the stream, as the temperatures to 5, 10, and 15
fathoms were nearly as high as those found in the stream.
"The temperatures at the bottom in the stream, at corresponding
depths, were the same as those found in the Wind ward Passage, and
* Between Halifax and the Bermudas, the section of the Gulf Stream observed
by the Challenger was cooled 1° C., as compared with that of the Bermudas to
New York. The Gulf Stream retains its heat as a surface current as long as the
temperature is sufficiently high to make it lighter than the surrounding water.
Its greater salinity ca,uses it to sink below the comparatively fresher water of
northern latitudes. Similarly, the Arctic current, ,-vhen it reaches a certain latitude
along our eastern coast, sinks from its greater specific_gravity b elow the warmer
surface currents and continues its way south as an undercurrent of cold water.
t It might, perhaps, be advisable to distinguish between the eastern extension of
the Gulf Stream, combined with the Atlantic drift, and the Gulf Stream proper, understanding by the btter the 'Yater which passes through the Florida Straits.
This has been called by Petermann the FlOTida Stream; and the name of Gulf Stream
has been applied to the vast body of warm water whiCh super-heats the basin of
the Eastern Atlantic to the eastward of 45° west longJGmle. There seems to be no
reason for changing the name of the Gulf Stream because so many other liberties
have been taken with it. We should retain the original name, limiting it to the
Florida Stream coming from the Gulf ofMexieo and applying to its eastern extension,
in connection with the Atlantic easterly drift, some new name, such as Equatorial
Drift or the Caribbean Stream.
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in the course of the current to the Yucatan Passage. The average
bottom temperature at ~100 fathoms was 45°, ::u1d, as off Charleston,* in
300 fathoms, 53°. The temperature at 300 fathoms, off the George's
Bank, was found in July to be 40°; and this last was the temperature
that we found at the same depth just north of Hatteras and the Gulf
Stream.
"I have stated that the surface temperatures did not show a cold
wall inside the stream; but the bottom temperatures give a narrow
cold section close to the 100-fathom curve all along the course of the
stream from Hatteras to Florida. Soon after leaving the Straits of
Florida there is a division of the stream shown by the bottom temperatures, part following the coast aud the remainder branching off to the
eastward. - - "We found that 3 knots was a general average to allow for the whole
stream. This would give a greater velocity at some central point. Between the Bahamas and Florida the average was exactly 3 miles per
hour; but for a distance of 15 miles in the axis of the stream it was as
high as 5.4 miles per hour. To the northward of the Bahama banks,
and to the eastward of the stream, there was a slight current setting
southeast. We found the direction of the current in the stream very
much affected by the wind, sometimes inclining it to the east, then to
the west.t
"In the latter part of June, 1881, we were hove to, some 50 miles east
of the Gulf Stream, off Charleston, where we experienced a current of 3
miles per hour, setting southeast; wind blowing a gale from southwest.+
"The sudden rise of the plateau off Charleston, together, probably,
with the meeting of the arctic and warm currents, creates a remarkable
disturbance at this point.
*About 80 miles from Charleston a line was run })::trallel to the coast, along the
axis of the Gulf Stream.·
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t Inshore of the Gnlf Streain, though a. southerly current was distinctly traced inside the 100-fathom line, yet the temperature of the water towards the shore was
but little cooler than that of the stream itself; the same is fonnd to be the case if
we examine the temperature sections of the eastern edge of the Gulf Stream. The
stream itself seems to be mainly characterized by Hs velocity and by its color.
tOn the southern side of the Gulf Stream Commander Bartlett observed immense
quantities of gulf-weed; this is also blown into Narragtmsett Bay in considerable
quantities, covered with clusters of floating barnacles.
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"We crossed the stream six times in this localjty, under conditionR
of weather from a calm to a strong breeze, and always crossed, near the
center of th~ stream, bands of rippling water several miles in width.
It is very like the rip at the entrance to Long Island Sound."
The Gulf stream flows at the rate of about one-fourth of a mile an
hour through the Yucatan Channel, which is 90 miles wide and over 1,000
fathoms deep. Through the Straits ofBemini it has a velocity of from
4 to 5 knots, a width of 50 miles, and an average depth of 350 fathoms.
This velocity rapidly decreases as we go north. Off St. Augustine
it is rarely more than 4 miles; from there to New York it decreases
to 2-2- miles per hour; off the banks of Newfoundland it is reduced to
1~ or 1 miles; and at a distance of 300 miles to the eastward the velocity
of the Gulf Stream, which has constantly been spreadiug- out fanshaped, is scarcely perceptible.
As far as the current observations of the Blake may be trusted, they
indicate a greater speed in the axis of the Gulf Stream than along its
edges-a velocity varying between 2 miles an hour, or even less, and
fully 5 miles. The width of the stream off the east coast south of Hatteras varies from 50 to nearly 100 miles.
The observations of the Blake show that the bottom of the Gulf
stream along the Blake Plateau is swept clean of slime and ooze, and
is nearly barren of animal life.

ON THE ABSOLUTE MEASUREMENT OF HARDNESS.*

By F.

AUERBACH.

Translated by

CARL BARUS.

Hardness, aside from its practical importance, is one of the most
remarkable properties of solid matter. This is shown at once by the
difficulties which have been encountered in the endeavor to arrive at
an accurateiuterpretation of it. Indeed, the attempts to solve questions
relating to hardness are of very great var•iety, and are exceptionally large
in number, and they have in a measure led to some interesting results;
but the subject in its broader bearings bas not yet been attacked with
success, nor has a rig·orous definition of hardness been established.
Problems which present themselves in dealing with any of the physical
properties of a body may usually be divided into three sub-problems:
The first among these includes the scientifically exact description of the
conception in question, so that the property may henceforth be treated
as a purely mathematical variable. Then thi:::; quantity is to be measured, and methods and apparatus must be devi~ed for that purpose.
Finally, the measurements are themselves to be generalized by being
extended to as many bodies under as many different circumstances as
possible. At the outset, however, it is by no means necessary that the
procedure adopted should be so simple as to be of immediate practical
utility. As a rule this will only be attained at a much later stage of
the research. The chief aim at the beginning is to work forward from
some theoretically perfect basis, and to so fashion the methods that the
end in view may be reached with a reasonable degree of accuracy as
well as certainty. To within a few years none of the three sub-problems
which I have mentioned can be said to have been solved. To Hertz
belongs the credit of being the first to push the question to an issue.
His ingenious reasoning is particularly fortunate, inasmuch as it harmonizes the general conception of hardness and the earlier definitions ,
which were given of it in all essential and necessary points and to the
exclusion of errors of prindple and vagueness. Taking Hertz's conclusions as a point of departure, I believe I have solved the second of
the sub-problems, and in the present paper submit a method, which(with
1

* From the Annalen iter PhyBik 'ttnd Chemic, April, 1891; (new series) vol.
61-100.
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the exception of a siugle point as yet iu need of further elucidation),
seems to lead to ~mtisfactory re~mlts, both from a theoretical and a
practical point of view. My paper is therefore divided into the following parts:
~\

1. A review of the earlier work.

~

2.
3.
4-.
5.

The theory) ill so far as it enters into my work.
The methocl in general.
~
The description of the apparatus.
~
General remarks on the observations.
\) 6. The constants and the sonrccs of error.
~ 7. The ex:perimeutal verification of the method.
~ 8. The measurement of the elasticity and the hardness of certain substances.

~

vVith reference to the last I will state at once that the data are given
solely with the object of evidencing the utility and accuracy of the
method. They show to what degree the second sub-problem has been
solved. Systematic. work relative to the third sub-problem, as well a~
manyiuvestigatious which the present paper suggests or implies, I have
reserved for future communications.
I. A REVIEW OF TRE EARLIER WORK.

Relative to the definition and the measurement of any physical
quantity like hardness, the observer may proceed from three points
in view. He may only wish to find out whether the hardness of any
given body is greater or less than the hardness of another given
body; and he may therefore be satisfied with a typical series, any member of which is conventionally harder than the preceding and softer
than the succeeding body. The elements of such a series may even be
numbered; but the numbers are obviously not significant quantities.
Furthermore, if even these members are reliable it is clearly to lJe
shown (1) whether if B be harder than A, A is always necessarily less
hard than B; (2) if when 0 is harder than Band B harder than A, C
is always harder than A. In the case of many physical properties these
conditions do not hold, or do not hold at least for all subRtances; and
it is, therefore, not generally possible to classify borlies in a scale of the
kind in question. Only after these fundamental conditions have been
fixed iu principle, is it permissible to make the second step, namely, to
replace the more or less arbitrary members in the seale of hardness, by
data which actually measure the property, and which therefore, for any
two bodies, will express the hardness ratio. The scale so obtained is
relative, and the term of cmnparison conveu'tionally chosen. Thus, for
instance, the hardness in a given definite body may be taken as the unit.
But here again it is necessary to reiiect that the data may differ not ouly
as to their actual value, but iu their relations, depending as they must
ou the experimental method by which they were obtained. Only the
final or absolute method is, therefore, always satisfactory, for here the
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hardness of each substance is expressed, irrespective of other substances
and without reference to a normal body, in terms of the fundamental
units of physics.
The method of rating hardness by scratching is best known and
most generally applied. One body is harder than another, if a point
or sharp edge of the former is capable of scratching a plane over face
of the latter. Of the two conditions which make an arbitrary scale
possible in this case, the first is approximately given, to the extent
only that the differences of hardness to be rated are in any two bodies
marked. If this differences is small, it is usually found that a sharp
edge of either will scratch a plane surface of the other. It is customary to refer this discrepancy to the sensitiveness of the method.
The two bodies are flatly pronounced equally hard, an<l since the second of the conditions above given is also borne out by all the cases
hitherto tested, a rough scale of hardness is thus feasible. The first
investigator who made use of such a scale, Hauy, confined his work
to four steps. They were limited by calcite, glass, and quartz. Mohs
increased the number of steps to ten, and although later mineralogists,
believing some of the steps disproportionately large, have inserted
intermediate degrees, the 1\.fohs scale has in general been retaineQ,_to the
present clay. Indeed the justice of this is apparent, for in view of
the absence of any means of even approximately defining the relative
values of the successive degrees, an attempts to reduce them in size
would, in the long run, rather be productive of error than of increased
accuracy.
The first attempt at measurement was made by Frankenheim,* who
estimated the hand pressure under: which a given hard point or stylus
leaves a scratch on the surface to be tested. But instruments by which
this pressure or the depth of penetration of the stylus is actually registered were not invented till much later. They are due, respectively, to
Seebeck,t Franz,+ Grailich and Pekarek,§ F. Exner,ll Pfaff,~ Turner,**
and others, and have been called "sklerometers." The results obtained
by these forms of apparatus, as Exner himself admits, are not of the
nature of measurements, for all true measurements of an unknown
quantity determine the latter by inclosing it between well-defined
limits, and it is by the distance apart of these limits that the accuracy
of the method is conditioned. Sklerometers however are capable of
furnishing only an upper limit. The lower limit is left to conjecture.
*Fraukenheim : De cohmsione7 etc. 7 Inaug. Diss. 7 Breslau 7 1829.
t See beck: Pt·ogr. Co ln. Real-Gymn., 1883.
t Franz: De lapidarurn dut·itate Inaug. Diss., Bonn, 1850; Pogg. Ann., vol. r..xxx,
1850, p. 37.
§ Grailich u. P~tkarek: Wien. Ber., vol. xnr, 18M, p. 410.
II F. Exner: Untel's ·iiber d. Harte an Krystalljiiicllen, vVien, 1873.
~Pfaff: Jltiinch Ber., 1883, pp. 55, 372. Pfaff's invariable use of the term "al>solute
hardness'' is quite unjnstifiable. His data, ttre relative at best."
·
**Turner: Pl'oc. Birm. Phil Soc ..• 1887, vol. v (2),

H. Mis. 334, pt. 1--14
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Seebeck's only advance on Frankenheim is a transfer of judgment from
the hand to the eye, the latter being confessedly more skillful in making estimates. At best, however, the method thus established encounters the following serious disadvantages. In the first place, the
results obtained depend on a variety of minor conditions, foremost
among which is the nature of the material out of which the stylus is
made. Steel ifS most generally used, but steel can not be exactly
defined, and therefore the observer has no right to w>sume that his
stylus is a body of fixed properties. Moreover, the necessity of using
both hard and soft steel in the apparatus introduces a further complication, but, as a matter of fact, when a hard steel stylus is applied to a
soft body the pressure under which the stylus moves must be reduced
below the limit of measurement, whereas hard bodies are only scratched
by hard steel. Franz used both a steel and a diamond point, and
endeavored to co-ordinate the results of the two by measuring the
hardness of a given suitable body in terms of each stylus. It is true
that the numbers obtained in the two series of experiments show a
constant ratio (ccet. pa,r.), but it does not follow that this would always
be the case, and it is quite improbable for large intervals of hardness.
The second difficulty encountered is the dependence of the results of
the sklerometer on the degree of sharpness of the marking stylus. None
of the above papers touch upon this matter, nor would it be possible for
them to estimate this effect. Yet it is quite obvious that the pencils of
different apparatus can not have been identically sharpened, and that
the pencil of the same apparatus will soon become blunted by continued
use. Measurements into which tlli~ serious discrepancy necessarily
enters cannot therefore be comparable among themselves. Finally,
the modus operandi, the velocity of the moving stylus and the direction of the pressures are to be considered, and in some of the above
papers hints relative to these points (motion, position, and inclination of
pencil) are explicitly given. Barnes and Perlsin, however, first showed
that the effect producible by varying the rate of motion of the stylus
is so great as to be actually capable of inverting the dat8J for hardness.
Indeed, it has since become well known that the edge of a rapidly rotating, relatively soft disc is scarcely touched by a file or a lathe tOl""~l, and
that if the motion be rapid enough, it is the tool which suffers most.
Nor is this phenomeuon to be referred to an effect of temperature, for it
finds its full explanation in consideration with the rates of motion to
which it is due. The hardest cast iron can be turned off with a steel
tool at a velocity as high as 2 meters per second of the moving parts.
I am thus naturally led to the important question, whether the definition of hardness given by the sklerometer is correct in principle. I
believe this is by no means the case. Quite aside from the serious practical difficulties which I have just summarized, it seems to me that
hardness when determined by scratching is much too complex a conception to be used as a basis for the definition of the property. Compli-
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cations are introduced by the motionaJ phenomena, the lateral sheer
which accompanies scratching, and in short by conditions which have
nothing to do with hardness at all. It is easy to imagine how the
method originated, for the tests must primarily have been made to find
out whether the point was capable of puncturing the surface; but
inasmuch as a puncture is not easily recognized., the p·a ssage was made
from the point to the scratched line. The static method is, in fact, much
older than the dynamic method of rating hardness. If therefore the
static method is sufficient (and this will be shown below) to define hardness as a characteristic, independent, and clearly intelligible property
of bodies, it is worse than superfluous to introduce processes by which
the result can only be complicated. I do not mean to imply, of course,
that the method of scratching has been fruitless. It has conquered its
own ground. Thus, for instance, the g-radual change of hardness at
points within a given surface of a crystal is among the striking accomplisluuents within the reach of the method; but we can only arrive at
a clear knowledge of the meaning of such observations after having
solved the static problem of hardness and then noting the additional
circumstances introduced, when we pass from the dent to the scratch.
Regarded as practical method of quiet interpolation, scratching must
retain a value which can only be enhanced by giving clear interpretations to the nature of the process, and the discrepancies which I have
pointed out * need not then be apprehended.
Under the circumstances I am inclined to regard it as a step in the
right direction, that the static method (static because motion is
excluded) has recently again been taken up by a nnmber of observers.
Among these Grace-Calvert and Johnson, Hugueny,t Bottone,t and also
Pfaff§ may be mentioned, In this class of apparatus a hard point is
pressed or struck or drilled into the body to be meELsnred, and the hardness is variously measured relative to given depths of penetration.
This may be done by noting the weight necessary to sink the stylus or
by the number of rotations of a definitely weighted needle (Pfaff's meso-sklerometer). .Again, the depth to which thestylus sinks for a given
weight or even the time necessary to produee a given depth of impression have been used for registry. Here however it is clear at once
that these methods are intrinsically different, and that far-fetched
assumptions must be made relatively to the proportionality of hardness
with the divers data obtained,-assumptions which need not even be
approximately true. Furthermore, the body to which these different
tests are applied is necessarily acted on in a state of strain, if not ac* Hugueny (see below), to whom similar considerations are due, takes account of
three kinds of hardness, one "tangential" and the other two "normal."
t Hugueny: Reck. Exp. B'nr la clurete cles co1-ps, Paris, 1865. Cf. Ber. cle Strasb., Ges.,
1865.
+ Bottone: Sill. Journ., 1873, p. 457; Pogg. Ann., 1873, vol. 150, p. 641.
~Pfaff: , Miinch. Be1·., 1884, p. 255.
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tually ruptured i1t tbe point of observation. At the time and place of
measurement the body necessarily differs from the original body. Thus
it appears that the results of such methods are not available.
With the oqject of corroborating the above remarks I \Yill exhibit two
typical series of data from the papers of Franz and 9f Pfaff (the latter
obtained by means of the meso-sklerometer already referred to), choosing such substances as are sufficiently definite for comparison. In the
first table the numbers for gypsum are made identical; in the second
the same is done for corundum, the respective ratios being retained in
both cases.
GypRuln illentically hard

~

.

Gypaum Bmly . .

.

Y-'"":

Calcite ......... _....... ..
Fluorite ............. ....
Apatite..... .. .. ...... .. .
Feldspar . . . . . . . . . . . . . . . .
Quartz ..... _.: ..... _.....
Topaz------------------Corundnm _...... _...... .

1

1

1

'

.11--

Uorl~ntltuu i<leuiie~ly hard. - - - -

Pfa1f61 Ra:io l Comndn:ody...
8

36
144

20 [

652

38

1

4. 5
7
1:)

1, 040

105 1

10

1, 770

160

2,230

240

11
0

2, 650

3±0

Franz.

.

To11a7. ................. .
Qnartz _________________ _
Feldspar. .............. .
Apatite ................ .
Flnorite ............... .
Calcite-------·-- · -- ---- -1
Gyp8um ---.-----.------1

Pfaff. ~l~tio-__

3±0

340

J.O

298

240

1.2

228
134
84
]9 .
5

160
]05

I

38
20

I

1.4
1. 3
2. 2
0. 9
0. 6
0. 2

-----

Mere inspection of the table shows that the ratios of hardness*
run as high as 15 in the first table, and fluctuate between 2.2 and 0.2
in the second.
It has already bem:a. stated thfllt Hertzt investigated a definition of
hardness which is mathematically exact, and which does not conflict
with the prevailing notions of the quality. He replaces the indefinite
point by a definite spherical surface; or, to state this more correctly,
since the point is after all a spherical surface of very small radius,
Hertz uses a stylus with a radius of curvature large enough to be
measurable. Moreover, the material out of which the stylus (now a
ball) is to be made, virtually does not at all enter into the problem. A
body may therefore be tested for hardness by aid of a probe made of
its own substance and the result is in no way dependent on vague
properties of a foreign body. Finally, the body to be examined is not
subjected to any permanent strain (set), but all operations are couducted within the limits of elasticity. The definition of hardness
thus obtained takes the following general form: Hardness is the limiting elastic resistance (tenacity) of a body, in case of contact of one of
its plane surfaces with the spherical surface of another body, thus
all vagueness of conception has been removed, and hardness is tel'sely
--- ---------

"Similarly enormous variations of the ratios for metals may be obtained from the
series of Bottone aml Hugueny (C' n= lOO, Ni= 104 to 58, Pt=81 to 150, Pb= 42 to
9, etc).
tHertz: T"cr/1. Nerl. phys. UcN., 1882, p. 67; !alt. d. Vm·. z . F. d., Gewerbejl., 1882,
p. Hl.
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classified with the allied propertie~ encountered in easr of tension, flexure, etc. It is of eonrHe necessary to go iHto fnrthel' detail, in particular to determine how pressure is diRtribnted and varies within the
surface of contact, for upon these con<litions the effect:;; of stress and
the resistance of the material will depend. The solution of thi1'l problem
has enabled Hertz* to propound a fundamental principle. In his
attempt to verify his theory experimentally Hertz waH however mu<'lt
less successful, and as a consequence soon abandone<l the work. TLP
only data whiel1 lw adduced refer to glass, nnd his results for ltardness were:
Kg. /mm2 •

Pressure of a hard steel lens against plate glass_ ............. : ........... :. . . .
Impact of two glass balls .... __ ........ _.. _ ....... _____ . . . . . . . . . . . . . . . . . . . . . .
Pressure of two thin glass rods. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

13G
150
190

Thus the data obtained are not satisfactorily constant. Moreover,
my results show that not more than the third or fourth part of the discrepancies observed are referable to the material. Differences, therefore, necessarily remain. It would be inexpedient to attempt to account
for them here, chiefly because the number of experiments made is much
too small relatively to the conditions (form, material, stress, impact,
etc.), under which the results were obtained. Nor has Hertz given a
sufficiently detailed statement of the dimensions of the bodies examined.
II. THEORY.

The pressureless contact between a sphere and a plane is a point.
If pressure be applied at the center of the sphere, normally, both surfaces will change form near the point in question, until the strain has
reached a given value. In other words, the sphere will be flattened
and the plane curved, and the original point is now replaced by a surface of contact. I shall call this the impressed surface or area (DruchfHiche ). It is neither plane nor of the curvature of the sphere; but the
radius will obviously lie somewhere between these limiting values, and
will depend (cmt. par.) on the elastic properties of the two contiguous
bodies. Furthermore, under the conditions stated, the impressed area
is clearly circumscribed by a circle.
If pressure acting normally through the center of the sphere is
increased the impressed surface will also increase in size, and the pressure is now brought to bear on a larger surface. But the strain to which
the material is put will depend on the stress per unit of impressed surface, •
and we are thus led to inquire as to the law compatible with which the
pressure per unit of area increases with the total pressure, for obviously both magnitudes must increase simultaneously. It is also
easily seen that the relation between total pressure and pressure per
unit of the impressed surface is closely allied with the relation of total
·"Hertz: Cre11e's Journal, 1882, vol. xcn, p. 156.
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pressure to the increase of the impressed surface or area of contact.
Now Hertz's theory shows the radius of the latter to increase proportionally to the cube root of the total pressure applied, and hence the
impressed area will inerease as the two-thirds power of total pressure.
To this degree, therefore, the effect of total pressure is abortive; and in
view of the enlargement of the impressed area stress per unit of area
increases only as the cube root of the total stress. Furthermore, the
manner in which pressure is distributed throughout the surface of contact is fully given by the theory. It is found that at any given time
pressure decreases gradually from the center of the area towards its
boundary where stress is necessarily zero, in accordance with the
expression

where u is the fraction of the total radius of the impressed area by
which any of its points is symmetrically located relatively to the center. The reference roughly made above to pressure per unit area is,
therefore, of the nature of a mean value; and the maximum pressure at
the center of area is related to the mean value here in question in the
ratio of 3 to 2. Now if the total pressure at the center of the sphere is
gradually increased, the maximum pressure per unit of area at the center of the impressed surface will also continually increase; and at a
certain value one of the two bodies, or both (supposing them to be made
of the same material), willuecessarily reach the limits of elasticity.
Evidence as to whether this has occurred or not is not far to seek~ in a
plastic body the strain will be permanent. There will, in other words,
be an evidence of ''set," for the parts affected fail to return to their
original positions when the stress is relieved. Furthermore, in a brittle
body, set will be actually accompanied by rupture at the parts too
highly strained. We may therefore in all instances conclude as follows:
The least value of the (central) pressure per ~mit of area necessary to produce permanent set (or rupture) at the center of the impressed su1jace is
Hertz's datum for the hardness of the body under examination. In
addition to the normal pressures every point of the area of contact is
also actuated by lateral pressures, and it is quite feasible to obtain
some general notion of their value. At the center of contact they are
positive, i. e., the body is uniformly compressed, whence it follows that
in our method of testing a crack is not to be looked for here. The case
• is pronouncedly different near the ooundary of the area, where the lateral stresses are all negative and of tlte nature of tensions; and since
the loci of like stresses are circles concentric with the center of area.
we may look for a circular line of rupture.
Thus far our considerations were only extended to a system of two
given bodies in contact. The question arises how the condition will
change if the original system is replaced by a second system differing
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in any manner whatever from the former. The variations possible in
such a case are twofold: (1) The spheres m~ty have uifferent radii, and.
(2) the bodies may have different elastic constants than those which
obtained in the first experiment. The theory of the experiment shows,
with regard to the first of these points, that (other things being equal)
the radius of the impressed area is proportional to the cube root of the
radius of the sphere, or that the area of the surface of contact varies
as the two-thirds power of the radius. For the case of equal total
pressures at the center of the latter, the pressure per unit of area, and
hence also the maximum pressure in the impressed surface, must be
proportional to the cube root of the curvatures of the sphere. To the
extent, therefore, in which all reference is made to the stated central or
maximum pressure (per unit of area), the data for limiting values of
elastic resistance must be independent of the curvature of the impressing sphere. Hence the limiting value of total pressure is proportional
to the square of the limiting or final radius of the area of contact; or,
if the radius of the latter is expressed in terms of the total pressure
and the radius of the sphere by aid of the above relations, then the
value of total pressure, just sufficient to produce set, must increase with
the square of the radius of the sphere. In regard to the second of the
above queries, no special mention is expedient here. I will only remark
that under conditions which are otherwise identical, the area of contact is expressible in terms of values of the elastic constants of the two
contiguous bodies. To avoid this complication, I will at the outset
confine myself to the state of things observed when both bodies are
identical as to material. For this case the relations to be formulated
admit of simple expressions.
It may be worth while, by way of recapitulation, to express the laws
just enunciated symbolically. Let p be the radius of curvature of the
sphere in millimeters, p the total pressure applied at its center, Pits
superior limit, i. e., the value of p at the time of occurrence of the permanent set. Let Pt be the pressure per unit of area at the center of
the impressed surface, i. e., the maximum of pressure in kilograms per
square millimeter, P 1 the superior limit of p 1, i. e., the absolute hardness of the body. Let d be the diameter of the area of contact (this
quality is immediately given by observation, and is in so far preferable
to the radius embodied in the above text), D the superior limit of d,
both in millimeters. Let H be the true hardness, which, as will be
shown in the sequel, differs slightly from the theoretic value P 1, q an
abbreviation of the quotient p j d 3, Q its limiting value. Letfbe the
area of contact, Fits limiting value, both in square millimeters. Finally, let E be the modulus of elasticity of the material in kilograms per
square millimeter, fl Poisson's coefficient, i. e., the ratio of radial contraction to longitudinal extension, E' an abbreviation of the quotient
Ej (l-;.12 ). Brackets may serviceaoly be used to show that the quan-
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tities inclosed are not expressed in the absolute units given, but in
some convenient relative measure. Hence, the following formula:~ are
under consideration:

3 p 6 p
Pl= - - = - 2 F 7( D2

_3 p_6p

Pt- - - - - 2

for the same p and E
d
vP

'

1

~=const.,

f

7(

d2

•

and

d3
=const., also q=const.,
P

(~).

This constant quantity must also be identical with Q. Hence, for
the same p and EJ, pi/ 3 vp =con st. For a different value of p, but a
given value of E',
· dj3 Vp p=CODSt.,andpq=CODSt. .

. . . . (2).

For different values of both p and E',

For different values of panda given value of E',
- (

~2 =const., l

IP

I
P= const., or\ _2 =const., ;-

l

p

~

(3)

I

=const., j

three equations which are merely different expression of a common
inherent relation. Finally for given values of p and E', the theoretical
hardness has the form
(4)

and the elastic constant E', the form
E'=12 p q.

(5)

III. METHOD.

It appears from the foregoing equations that to compute hardness
by aid of the phenomenon of contact between a sphere and a plane of
a given body the total pressure under which contact takes place is to
be increased up to the elastic limits. The time of yielding being
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sharply marked by the occurrence of either permanent set or of rupture at the area. of contact, it is merely necessary to measure the total
pressure P and the diameter of the impressed area D for the time
in question. The :first of the equations (4) then leads at once to the
value of theoretical hardness. In ·the interest of accurate work, however, it is unfortunate that the two quanti ties P and ]) can be measured but once. It is therefore desirable to introduce some variation of
method at lea.st forD, for P does not admit of a second expression.
For this purpose the other two equations given under (4) are available.
One of them (the second in order) premises a knowledge of both E 1
and p, as well as of P. Now, although p may be considered sufficiently
given by the radius of the spherical stylus, E 1, ou the other hand,
would have to be taken from tabulated data of E and p, or be preliminarily measured by aid of a special pieee of the given body. Neither
of these alternatives is acceptable, while J_,L is known to vary even with
insignificant structural differences of the given substance, and can not
even be considered constant for different parts of it. On the other
hand, the third in order of the equations (4) is useful in every particular. Based as it is on the values of P and q=p f d3 only, its availability
is enhanced by the fact that the q is constant, and can therefore be taken
from a whole series of measurements of increasing p. Far from being
dependent on a single measurement, therefore, the observer is at liberty
to reject the limiting value Q altogether; for if it should differ from
the other values q, an explanation is readily found in the fact that Q
is measured when " set" has already occurred. The additional labor
involved in a step-for-step increase of Pis of no moment, seeing that
such procedure is under all circumstances necessary. For the limits
of elasticity must be gradually approached and not overstepped.
I have already stated that brittle bodies present a case of easy obser_
vation, for here set is accompanied by rupture. Only in rare instances
is this criterion preceded by a visible indentation without break of continuity, and a puncture of this kind can usually be referred to a lack
of homogeneity in the material or to anomalies of brittleness. Hence
I found it advantageous to begin my work with brittle bodies, and the
general method was devised with special reference to the fact that
nearly all such bodies, in particular the glasses and the greater number
of crystals, are more or less transparent.
Tbe spheres in these experiments are suitably ground in the form of
a plano-convex lense, with a radii of curvature of 1 to 30 millimeters.
The plane surface is preferably a plate, about 11.6 millimeters in diameter and 8 millimeters thick. The thickness is purposely chosen of
the same order of magnitude as the diameter, in order that any discrepancy of the nature of :flexure may be excluded from the start. The
plate is :fixed in position while the lense is free to move up and down,
and pressure is suitably transmitted by a lever actuated by a set of
weights. The area of contact and the occurrence of the indentation are
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to be observed, of course, for au invariable position of the plate and lens
with reference to the horizontal, and the measurement is made through
a microscope with its line of sight normal to the plate, seeing that the
lengths to be taken are small. In the field of the microscope the impressed area appears in form of a dark circular spot, which, together
with the rings surrounding it, presents a case of interference. I shall
show that even the diameters of the rings are available for measurement. Further particulars however are best ·<liscussed in connection
with the apparatus.
IV. APPARATUS.

Through the kind permission of Prof. Abbe, the apparatus was
constructed in the workshop of M. Zeis, of Jena, and 1 desire in this
place gratefully to acknowledge the suggestions received from my colleagues, in particular from Prof. Abbe, during the course of its construction. Fig. 1 shows the completed instrument in sectional elevation, nonessential parts having been withdra.wn for clearness. It is
put together massively, so as to withstand the powerful stresses which
are to be brought to bear on it, and it is firmly planted on a pier in one
of the vaults of the university. Ample provision is made to guard

l •'JG . 1.

against tremors. The cast-iron bedplate G G' is T-shaped in cross
section, 73cm long and 7.5cm wide, and a central gutter runs from end
to end.
The support T, screwed to the bedplate, is provided above by are-entrance t, in which the knife edgeD, around which the wrought-iron lever
H H' is free to turn, is suitably adjusted. The short arm of H H' terminates in a ring-shaped expansion ll', at a mean horizontal distance of
about 5cm from the axis D. In the conical perforation in ll' a plug Z
fits snugly and the lens Lis attached to the top of Z. The other arm
of HH' is about ten times as long as the short arm, and ends in the
knife edge c. The glass plate p, to be tested, is attached to the upper
perforated plate o o', secured by mea us of a pillared arrangement, of
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which s is alone visible in the figure. The plate o o' is about 1.6cu. thick,
and its lower face is flush with the corresponding face of p. The whole
case can be moved in the gutter of the bedplate; and clamped iu any
position by aid of the strong screw S 1• It is, therefore, easily possible
to place a part of the g-lass plate p opposite the vertex of the test lens
L. The microscope 11! is similarly movable, and the clamp screw Bz
admits of an adjustment relative to the point of contact to be observed.
It is expedient to fasten the lens .L to the top face of the plug Z with
cement. The plate p, however, exactly fits the hole in o o', and adjustably hinged stops prevent it from falling out; The microscope Jl[ contains an ocular micrometer rn, and since illumination from below is
clearly impossible, the light of a lateral gas flame F is reflected downward by the prism n, small enough to only half fill the right section of
the tube. After impinging on the lens and plate, the rays are reflected
upward through the open half of the tube and the micrometer rn, finally
reaching the eye of the observer. The long arm of the lever H' abuts
against the screw A, and its play may, therefore, be stopped short
high enough to prevent all premature contact between the test lens
and plate. When A is screwed down, moreover, the long arm would
much overbalance the weight of the short arm H. To obviate this a
duplicate wrought-iron arm lf has been added, along the free end
of which a weight w' may be adjusted to counterpoise=the long arm.
The form given to W is such that the center of gravity of the
lever as a whole is not seriously depressed, and a balance sufficiently
sensitive for the present purposes is thus secured. The counterpoise
w' is to be fixed so that the position of equilibrium may leave a little
space between the test lens and the plate. Little rings r surrounding
the pin q are then added until an almost pressureless contact is initially
obtaiuecl. However slight, a true contact is always easily recognized
by the passage of the colored interference rings into a black spot. In
order that this initial contact may easily be reproduced, and the progress of an experiment may at any time be checked, a second lever
J( J(', supported by the pillar U near the end of the bed plate, is at
hand. A stirrup R, from the book of which scale pans of different
sizes may be suspended, suitably connects both levers (knife edges c
and c', as shown in figure). By a play of the screw B the J( end o~
the lever may be depressed and the K' arm raised. In this way the
stirrup is lifted off of the knife edge c, and the lever H' is therefore
unloaded. Conversely an opposite play of the t~umbscrew B depresses
K', and the. load is therefore transferred from the knife edge c' to the
knife edge c, whereby the lever is loaded, gradually or expeditiously,
at pleasure. These adjustments enable the observer to carry out the
necessary operations smoothly, and without any danger of jarring or
striking the parts to be tested together. The elasticity tJf the long
lever, moreover, is in favor of a perfectly u11iform and slow intensification of the pressure to be applied. It was my plan to return to the
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pressureless contact, after the effect of each of the successive step loads
bad been brought to bear, and thus the load corresponding to the occurrence if an indentation in p was indicated with certainty (see below).
V. GENERAL REMARKS ON THE OBSERVA'l'IONS.

Apart from special methods of research the general plan of the experiments was as follows: The plate and lens are first carefully to be
freed from dust, grease, moisture, etc., and then to be screwed into
tlleir respective places at the center of the plate o o' and at the top of
the plug Z as securely as possible. The screw stop A is lifted high
enough that the plate case o o s may be pushed over the lens without danger of touching it. Then the miscroscope is adjusted and all
parts eventually clamped in place with reference to the particular part
of the glass plate where the test is to be made. It is expedient to
clamp S1 first, and then to clamp S2 in such a way that the point in
question may occupy the middle of the field of view. During these
operations it will have been necessary to gradually lower the stop A,
though not quite as far as the position of contact. This is best done
when the microscope is fixed. Under these circumstances, however, if
the lever H H 1 should not swing freely, the long arm H' is presumably
too heavy, and w' must be moved further outward along the slide (a
little weight r being added if need be) until the pressureless contact
occurs, when the lever swings freely. This adjustment may actually
be made to an accuracy of about 1 gram, a degree of sensitiveness far
in excess of the demands.
The load is now applied, beginning with the stirrup R as the first
centerpoise. The screw B, which has thus far stood low, is raised until
the load is carried simultaneously by c' and c. B is then raised very
grctdually, however, until the load R bas been quite transferred from
K K' to H H', the observer availing himself meanwhile of the elasticity
of the long lever. Indeed it is possible to raise B so uniformly that
the area of the spot seen in the field of the microscope scarcely enlarges, so that the strain is imparted to the plate at a very slowly
increasing rate. Should the weight of R (237g) be regarded too large
as a first step, smaller weights may be attached with a string. Having
read off the first diameter of the ring and noted the first load, the large
lever is unloaded and the scale pan attached to the hook of the stirrup
R. Then the lever H H' is again loaded in the manner described,
and the value of the diameter of the spot read off for the second load.
This process is repeated as often as desirable, with the single additional precaution that when the limits of elasticity are being gradually
approached (determined from preliminary trials), the weights are added
to the scale pan in smaller steps than at the outset. Eventually, therefore, the values P and D (load and spot diameter) which correspond to
rupture are obtained. The method described has many advantages;
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the observer can proceed with his work smoothly and without annoying
accidents; for the weights are added by a method of manipulation
which is wholly without disturbing influence on the test plates, etc.
Theoretically, however, the method is not altogether free from objections, inasmuch as the impressed surface is continually loaded and unloaded, and therefore put through a series of increasing cyclic strains,
until the final point of rupture is reached. For this reason I made
special sets of measurements, in which the loads were added gradually
with every available precaution, of course, but withou.t passing back to
the pressureless contact at the end of each step. Near the end of the
operation I carefully charged the scale pan with sand, pouring it in so
gradually that the increase of the load was practically continuous.
These experiments led to some interesting subsidiary fact~; but as they
did not change the chief issue with which weare now concerned, I need
only accentuate the remarks already made, that it is never permissible
to increase tbe loau quickly, not even at the beginning of the work
when the loads are allsmall. In all such casesruptureis liable to occur
prematurely, and the discrepancy is frequently of serious moment.
In addition to the corresponding values of p and d, P and D, other
quantities were usually observed, such, for instance, as would be necessary for correetions, etc., and for the ultimate purposes of this research.
I always uoted the dhmeter of the Newton rings, as well as the diameterof t,he locus of rupture. As to the latter I may here remark (definite
researches will be published elsewhere) that in caseofisotropic media
it is in fact a circle and concentric with the area of contact; yet it does
not coincide with limits of this area, but surrounds it in accordance
with a well-defined law. For crystals the locus of rupture is not circular, but an intermediate figure between a circle and a polygon (hexagon, rhombus, triangle, etc.) .
.A few words on the diameter of the spot are iu place here because
of their bearing on the accuracy of measurement. I found by trial that
the demarcation was sharpest in case of faint illumination, for in this
case the light was not annoyingly reflected from the upper face of the
test plate. In general this definition varies in marked degree in different experiments, and even different parts of the edge of a given spot
are not equally distinct. Usually, however, 0.7 scale part of the micrometer is guaranteed.
From au economical standpoint it is fortunate that a single plate and
lens will outlast many experiments, certainly as many as are necessary
for obtaining a sharp average of results. The lens is not usually affected, but retains its even surface indefinitely. The plate is large
enough for upwards of30 or 40 fields of rupture on each of its sides. It
is advisable to rule the side of the plate which is not to be used with a
set of rectangular cross-section lines. Curiously enough, the divers circles of rupture do not seem to interfere with each other, even when
they are nearly contiguous, or when the loci actually intersect. I found
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by trial that the valuesobtained in the last instance were more abnormal,
but I did not use them. Fig. 2, supplied to corroborate these statements, represents the available part of the plate. It contains fully 28
indentations, varying in size because lenses of different curvature were
used, but it appears at a glance that there is room for many more experi.
ments,

FIG. 2.

VI. THE CONSTANTS AND SOURCES OF ERROR.

The two chief consta11ts of the apparatus are the scale value of the
ocular micrometer and the ratio of the arms of the prime lever. Tbe
former was obtained in the usual way by comparing it with an objective
micrometer. In my final and most accurate comparisons a tenth millimeter scale was inserted in place of the plate p. Thus I found
27 scale parts= 1mm
with a devlaGIJn near the edges of the field presently to be discussed.
In view of the form of the lever the ratio of the arms could not have
been measured accurately by a direct method. Hence, I replace the
plug Z by another containing a pin, on which a strong scale pan hanging in the main below the bedplate G G' could be pivoted. Observations made for equilibrium between the new pan and the stirrup R
(weights b eing suitably added to the former) showed the ratio in question to V = 9.8, with a probable error of :± 0.01, i. e., only about a
tenth per cent of the value of V. It follows, therefore, that allmea,surements in terms of the ocular micrometer are to be divided by 27, and
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the observed load at the end of the lever (including of course the weight
both of the stirrup Rand the pan) is to be multiplied by 9.8. Thus
the values of spot diameter and total pressure are reduced to absolute
units.
The third class of constants are the lens curvatures, purposely
varied in different experiments. I did not attempt to fiud them, however, for I was able to avail myself of the values of the mechanician in
charge, who, in addition to the chief datum, also supplied me with
the errors probably made in their manufacture. These errors never
exceeded 0.1 mm, and were even smaller than this for smaller curvatures.
Another important question may be alluded to here. It does not
iollow at once that the diameter of the black spot measured in the field
of the teleseope actually coincides with the area of contact. The q uestion relative to the correction to be a11plied is to be looked at from four
points of view: (1) It is known that in case of Newton's rings, light is
not only extinguished throughout the area of contact, but throughout
a somewhat wider margin to a point at which the vertical distance
between plate and lens is about t wave length (say), depending on
the intensity ofthe illumimttion~ The spot is therefore to this extent
lrrger than the area of contact. Now, it would be possible to compute
this correction feom the data theoretically given for the curvature of
the area of contact in a way sufficient for all possible cases; and this
has been done. It is much simpler, however, and more free from
assumptions which need not be detailed here, to refer such measurements to the first of the rings surrounding the black spot. For the
position of the ring is such that the vertical distance between plate
and lens is necessarily ·~ wave length. Now, since the area of contact
is always very small, the curvature of contiguous parts may be neglected. Hence the correction to be applied [deducted] is i of the
distance of the first ring from the edge of the spot, meaning, of course,
the true edge. In other words, the correction is one-half the distance,
c, between the first ring and the apparent edge of the spot; and since
this correction (1- c) is to be deducted from both ends of the diameter
d, the full correction is E, or the true diameter of the area of contact is
d-E. It is advisable, therefore (other considerations will appear below),
to construct a table in which for any given substance the correction
may be taken at once as a function of the pressure applied and the
curvature of the lens used. For practical purposes, moreover, an
approximate table, in which the correction is mapped out as a function
of spot-diameter and lens-curvature, p 1 , will in most cases be sufficient,
no matter what the substance may be. Such a table may here be
inserted, spot-diameters, a, being given in scale parts, and the correction in l 0- scale parts of the ocular micrometer.
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(2) The astigmatic aberration of the image observed through the plate
is next to be considered. In view of the small angular deviation of the
lines of sight, the error in question will never exceed one-tenth per cent
of the observed value, unless, indeed, the observations are made near
th~ circumference of the field of view. This is quite unnecessary and
should not be done.
(3} .Another negligible error is introduced by the fact that the observed spot is a horizontal projection of the curved area of contact.
Even in the case of my most convex lenses and the highest pressure
admissible, the effect of the difference of area of the actual surface qnd
its projection will not exceed 2 in 1,000.
(4) Finally the flexure of the test plate p, which under the circumstances is converted into a concave lens, may be adduced. A correction
of this kind would be appreciable, if the object to be observed were
situated at an appreciable distance below the lens. This state of things
can not be at once dismissed, for the locns of the circumference of the
spot is at a place where the plate and the lens no longer touch each
other, as has just been indicated. In other words, the question contem·
plates the a,ctual position of the locus or seat of interference. Divers
experiments which I made with special reference to this discrepaucy
proved however that the present source of error is not of greater
moment than the preceding.
VII. THE THEORY TESTED.

The materials to which I confined my present experiments were glass
and quartz. The glass was obtained from the well-known house of
Schott & Gen, and the three samples furnished were marked I (rather
soft), II (of mean hardness), and III (rather hard). The mere fact that
I was thus able to avail myself of three degrees of hardness of one and
the same substance lent a peculiar interest to the tests, for tl~e differences of hardness in question could not in any case be very ma,rked,
and the tests would therefore contain au immediate indication of the
sensitiveness of my method. In addition to these substances I also
worked with a plate of quartz (IV) cut at right angles to the crysta11ographic axis. Here, as well as in the case of the glass (I, II, III), the
lens and plate were cut from one and the same substance in each case.
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Preliminary optical work showed that the departure fi·om homogenity
throughout the mass of glass examined was nearly inappreciable, and
the same was true of the given faces of the quartz appliances. Had it
not been the case, the tests themselves would, in the course of the work,
have indicated deficient isotropy, seeing that both the position or the
shape of the lines of rupture depend on these conditions. Such results
were indeed actuallyobtained in certain experiments which I made with
this especial end in view, but with which I will not further detain the
reader, for another question, and an important one, has since loomed
into view and must now be answered. The theory sketched above
makes mention only of isotropic media, and thus it is not warrantable
to apply it to crystals.
In a measure this is true, but it must be noticed that in the .first of
the equations (4) only the numerical coefficient is influenced by molotropy, and if equations (1) and (2) can be proved to hold for the crystalline body empirically, then the last of the equations (4) can be wrong
only as to its coefficient. Furthermore, the uncertainty can be tested
by means of the equation (3), as compared with the second of the equations (4), to a very small margin of uncertainty, by inserting known
values of the elastic constant E'. Aside from this an interpretation of
the coefficient in question shows that it is necessarily inclosed within
narrow limits. There is still another point of view. Hertz's theory is
true for elliptical contact surfaces quite as much as for spherical surfaces, from the nature of the reasoning employed; and even in the
more general case (ellipsoid) the numerical factor in questions turns
out to be 3 / 2. If therefore the latter is independent of differences of
direction considered geometrically, it will also be independent of the
elastic assymmetry, a consideration, it is true, which applies primarily
for lines lying in the plane surfurce of the plate, but does not apply to
the normal dimensions or depths.
I am bound to acknowledge, therefore, that the data obtained with
crystals are possibly not as accurate as the corresponding data for
isotropic substances. This curious divergence in the behavior of crystaJs and glasses is borne out by the following qualitative result:
Whereas impressed area and the line of rupture of an isotropic body is
always a circular, only the impressed area retains this figure for quartz,
while the lines of rupture is a figure midway between a circle and a
hexagon. I will return to this matter elsewhere. The radii of curvature )fthe lenses used were widely varied, and the values 1, 3, 4, 5, 10,
12, 15, and 30 mm. enter the following experiments, the first and last,
however, only in special work. If the radius is too small there is obvious difficulty in measuring the area of contact. Large radii, on the
other hand, are equally unsatisfactory. The initial point-contact is
not always attainable in this case, while the stress which must ultimately be brought to bear is a serious tax on the appara,tns, Again,
H. Mis. 334, pt. 1~-15
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the circles of rupture are so large that for a given plate relatively few
tests can be made.
My first measurements, made with the sole object of verifying Hertz's
theory, bear directly on the truth or the degree of approximation of the
equations (l) (2) (3) of section 2. Not until this was done was it warrantable to proceed with equations (4) and (5) for the measurement of
P 1 and E 1• (1) To test the equation, (1), q=const., or p/d 3 =const.,
many measurements were made for each of the four samples enumerated, and for increasing values of pressure. Here a few results selecter
at random from my notebook may be exhibited.
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It appears at a glance that in the third series q is constant and that
the same is true as a first approximation in the first and second series.
Closer scrutiny of the data reveals a gradual but slight decrease of q
in the latter cases, arbitrary fluctuations being allowed for. Thus in
the first series the average q for the first seven observations is 310, and
for the last six 295; in the second series similarly the mean q for the
first five and the last four observations is 367 and 361, repectively.
This discrepancy is accounted for by equation (5), and indicates a corresponding decrea~e of E 1 , that is either a gradual diminution of the
modules E, or of Poisson's ratio. Both conditions may plausibly be
assumed. But since the observed march is insignificant or even quite
absent in some of my series, it may justifiably be neglected. I shall
therefore take q=const. throughout my work. With this understanding the probable errors of a in the above table may be computed and
appear as follows:

[q] = 0.3028

:± 0.0016; [q] = 0.3643 :± 0.0031; [q] = 0.868 :± 0.003,

so th::JJt the mean value of q for the experjments is correct to about.
one-half per cent and the error of the quartz series does not exceed 1
per cent. By repeating the above work a number of time~ th.~ :;tttain-

ON 'l'HE ABSOLUTE MEASUREMENT OF HARDNESS.

227

able accuracy is further increased. Values of q obtained in this way
for different plates and different lenses of the same material and radius
in each case show larger differences than the foregoing analysis has
made probable. Heuce it is reasonable to suppose that the different
samples really differ as to elasticity, although the differences and tlte
probable errors are surprisingly small.
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Quartz, values of q.
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(2) The following clata are sufficient to verify equation (2), viz, pq= const.
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(3) It is now only :iwcessary to prove t4e equations (3). The data fbr
P vary between 4 and 140 kilograms, an interval which in comparison
with the small areas of eon tact encountered is strikingly large. In the
ease of different experiments made under the same conditions, i.e., for
values all corresponding to the same material and the same lens curvature, Pvaries pronouncedly, as the following example shows. The series
is again choseu at random and represents an unfavorable case, for the
probable error of the mean result is fully 32- per cent.
Glassiii

I

p= 4

~-P= ~ ~;2
D=

0. 47

• 24.3 1 18.1 1 24.0 1 21.2 i
0. 53
0. 50
0. 50
0. 49

19.2 1 18.2
0. 48
0. 48

-----

Mean value, P = 20.3 ± 0.7.

Now, it is to be observed (1) that at large valne of Pis usually correlated with a large value of D, and therefore also corresponds to a
smaller q, thus the fluctuations are in part rectified; (2) thatin thefiual
equation (4) the cube root of P only enters, so that all errors are reduced
as 1 to 3.
Quite an unexpected result is reached, however, when the data for different lens curvatures are compared. The equations (3) are not corroborated, not even approximately, though it would not be difficult to find
aco:rr(}cte<t term, fhus, for instance1 in c~se of the glass II the data are;
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-----P'-"'

P:D2 =
P:p~

D:p=

81.7
1. 64
0.142

67.0
0. 96
0.119

10

15

56.6
0. 50
0. 094

49.8
0. 32
0. 080

All of which relations, instead of being constant, appreciably decrease.
This may be expressed as follows : The pressure per 'unit of area
which ju::;t prod~wes a line of ruptwre in the surface of a given plate of
a given body, is not always the same; the said pressure increases in
proportion as the test lens is more convex or the area of contact smaller.
A further statement to the same effect may be made by indicating that
the total pressure just sufficient to produce a line of rupture is not proportional to the square of the lens curvature; or again that the diameter of the impressed area when rupture just occurs is not directly proportional to the radius of the lens, seeing that both quantities increase
at a retarded rate. Mere inspection of the above table shows, however, that the values of the second row (P:p2 ) decrease at the rate in
which the values pincrease, and the sameobservationapplies to the other
rows. Hence it follows that the relations theoretically deduced above
are to be replaced by empirical relations such that (1) Pis not proportional to D 2, but to D P , (2) P is not proportional to p 2, but to p; (3) not
D, but D 3P is proportional to p.
In how far these inferences are actually borne oat by experiment is
shown by the following summary:
3

p=

3.

P:D312

53.4
4. 93
0. 092

P:p =

D3'2: p=

\_
5· 1~ ~I

Mean values.

54.8
5. 04
0. 092

53.7 ±0.4
4. 89 ± 0. 04
0. 091 ± 0. 001

52.0
4. 78
0. 092

54.5
4. 80
0. 088

The probable errors are throughout only about 1 per cent.
For the other plates these relations were also applicable. In these
cases, however, only two values of p (4 and 12 millimeters) were a vailable, so that the test is not very cogent. I therefore had a new plate and
lens made out of each of the samples of soft glass I and of quartz,
selecting the radius in such a way that the impressions of the stylus
approach the effect produced by a poiut or needle. A SII!.all radius
also seemed preferable from the following ulterior considerations: If the
value of the pressure per unit of area which just produces rupture
is a function of the radius of the lens, then the value p=1 (millimeter) as compared with the above radii, must possess the particular
importanee of a unit. Experiments made with these small and highly
convex lenses, cannot of course lead to as great a regularity of data as
were obtained in many of the above cases; but the mean result is none
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the le~H pronouncedly in harmony wit.h the relations just adduced. This
appears in the following summary:
Valnes.
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Here, as in the above case, the probable errors are between -&and
1 per cent.
On the basis of these results it follows, therefore, that if hardness be
computed by the last of the equations (4), the Hertzian values, P 1, will
vary with p. If, however, these data (PI ) are multiplied by
or,
more conveniently, by 3· vp, then the new values of hardness are constant qualities, irrespective of the curvature of the stylus used. In
general, furthermore, the theoretical premises have been corroborated
by experiment to a remarkably close degree of accordance; only in
one point (and this happens to be the most important deduction) is
there a wide divergence between predictions of the theory and the
facts. Inasmuch as the disagreement evidenees a well-defined law, it
is worth while to examine the conditions under which the theory
applies.
(1) Hertz supposes the area of contact to be small relatively to the
spherical surface. In the above experiments, however, it is quite
doubtful whether this can at once be assumed in all cases. Indeed, the
ratios of the limiting radius of the impressed area R and the lens
radius preach values as high as 1 : 11, and they can not be at once dismissed. We are thus led to inquire in how far the theoretical statements, relatively to pressure direction and pressure components, curvatures and area of the impressed surface, are affected by the large values
R j p specified. l have done this and find, in a way which bas already
been suggested in the above text, that the theory still holds to a degree
quite within the errors of experiment, at least in the majority of observations. The fixed values of q, moreover, is compatible with this result,
for in the case of increasing loads q is pronouncedly constant when p
is smallest.
(2) Again, the interesting fact that the locus of rupture surrounds
the area of contact and is situated at a certain distance from it, may
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be looked into. Bnt if in the above formuhtl the impressed surface is
replaced by the area within the circle of rupture, Lhe empiric law stated
above is not changed. The source of discrepancy is not, therefore, to
be found here.
(3) Nor does the assumption that the impressed surfaces may be relatively too large help us out of the dilemma. For in such a case the
differences between theory and f:-w t would vanish in proportion as R j p
is smaller. The results do not show this. Iu case of glass III, for
instance, the ratios P j D 2 are still enormously uifferent, for p=4 and
p=12 P / D 2 =83.9 and 56.4, respectively), whereas the quantity R / p has
already decreased to 1l 6 aud :l-3 , respectively.
To decrease R/ p even beyond this, a new lens was made of the same
glass with a radius as large as p=30 millimeters. In this case R j p=
:is- and P / D 2 ought therefore llOW either to coincide with the corresponding quantity for p=12, or at least to differ inappreciably from it.
The data found for P j D 2, however (39.6 and. 56.4), are very far from
being constant, while P j D2 j3 shows the same fixed values as above.
(4) I may instance, in passing, that in the case of different substances
the quotients pI D 2 are independellt of p. Thus, for the substances
tested the values gi.ven dimensions of lens are: Glass I, 100; glass II,
105; glass III, 113; quartz, 135. Hence it is possible to obtain a relatil'e scale of hardnRss which is not affected by the discrepancies here
discussed, and therefore some certain progress has been reached, from
a practical point of view at least.
(5) Summarizillg the above, I am bound to confess that the cause of
the discrepancy between theory and experiment has thus far eluded
me. A gap must therefore be left in the theoretical side of the inquiry,
with reference to which I would like t.o hazard the following suggestions: Compatibly with the relations which I have found experimentally, the last of the equations (4) leads to very different values of
P 1 when different test lenses are employed. If therefore P 1 be termed
the hardness of the material, the formula has no concrete meaning.
Hence, either the stated definition of hardness must be rejected or one
of the conditions, subject to which the equation was deduced, is not
applicable. Saliently amo11g these is the assumption that plate and
lens are of the same material, and are therefore necessarily identical as
to hardness. If this is not the case, then the hardness of one of the
parts of the system is to be expressed in terms of the other (the equations for this computation are of an involved character), and with the
aid of the observed data; or equation (4) can only yield a rough value for
tbe mean hardness of the system of plate and lens at best. The point
which I am approaching is this: Even if the lens and plate be cut from
the same homogeneous solid it does not follow that they are necessarily equally hard, for hardness may reasonably be conceived to vary
both with the substance and with the superficial curvature of the parts

232

ON 'l'HE ABSOLUTE MEASUREMENT OF HARDNESS.

at the point of examinatioJJ. Clearly, iu l:luch a ca~r, hanlneHs wouhl
increase with the curvature at the point.
Evidence in favor of this surmise is already ayailable, seeing that
whenever the above experiments are carefully planned and executed,
rupture always occurs in the plate, while the lens remains intact.
Hence, in proportion as the lens is more convex it i::; also harder, and
the value of the mean hardness of the system obtained from equation
(4) must therefore increase with the lens curvature. This is what the
experiments actually indicate. Pursuing this suggestion further, it
follows that the equation expressing the hardness of the lens will be
b
H=ct+ - ,
p

where a is the hardness of a plane surface of the given material (a
constant which might be called intrinsic hardnes.-;), and b the curvature constant, or, as it might be called, surface ha1·dness. The close
analogy between b and the surface tension of liquids is obvious at a
glance. 1
As a second suggestion, I should like to propose a change of Hertz's
definition of hardness. Hertz's characteristic contains three elements;
it is (1) a pressure, (2) its direction, Zn is normal, and (3) it refers to
the center of the impressed surface.
Since the criterion in case of brittle bodies is the occurrence of rupture, i. e., a separation of parts, the immediate cause can not be pressure
but tension. Furthermore, the crack passes from the surface z = o, not
quite normally perhaps, but nearly so, into tbe interior; and hence it
is not Zz but an oblique pressure, indeed almost a lateral pressure, Xx,
which is pre-eminently active. Finally sinee the crack encircles the
area of contact, the component Xx is here to be inserted. Unfortunately the complexity of the formnhe is such that a full solution of the
problem can not be obtained for this case; they show however that
Xx reaches its maximum negative value on the outside of the surface
of contact, and that the maximum is differently related to the lens
curvature from the normal pressure. Obviously the latter is dependent
on curvature in two dimensions, the other on the curvature in a single
dimension. In short, even if the experiment leads to different values
of (Zz)max according as different lens curvatures apply, it does not follow that these different values may not all correspond to one aud the
same (Xx)max· Perhaps these considerations may even be put more
clearly by calling to mind that the maximum pressure on the surface
produces no appreeiable effect in this surface at all; its action, however,
An allied analogy is given by the tensile streugth of iron wire, which, according
to Baumeister (Wied. Ariu., vol. 18, 1883, p. 578), is greater in propOTtion as the thickness of the wire is smaller. I have fonud that the l:1w here is F = const. f/li, or
jdeutical with the above relations. Some exceptions may reasonably be taken to
all of these points.
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i~ distributed radially until a line of rupture is the vh;ible re~ult. Hc11ee
it is not remarkable that constant results can only be reached if P is
divided by a low power of D.

VIII. DATA FOR HARDNESS AND ELASTICITY.

The remarks of the preceding paragraph have shown that though the
theoretical questions encountered in the present paper are in need of
further elucidation, the considerations mvolved do not much affect the
practical side of the issue. I have already pointed out that irrespective
of the shortcomings of the theory, the relative scale of hardness is
vouched for. Again there is one particular case in which the data are
virtually absolute. This occurs when the curvature of the lens, p=l.
:Finally the absolute value of the data obtained will necessarily be general, since the facts show that by multiplying Hertz's expression by
3 vP, the results for a given substance are constant throughout.
This
datum may safely be taken as the absolute hardness of the body,
although its mechanical interpretation is not quite apparent nor quite
certain. Furthermore even these strictures will disappear, if the
occurrence of a particularized surface hardness can be inferred from
other and independent experiments, or if the dependence of tenacity
and of hardness on lens curvature can be similarly computed in all
cases. With these conditions premised the quantity P 1 tip may be
termed the absolute hardness of the body, and henee

H=~ ~rp-P qz
To give an example ofthe fluctuations here in question, the following
two series of individual values of hardness may be adduced:
Glass!. .... .
p = 10 ..... .

Quartz ..... .
p = 1 ...... .

JH={
JH={

220
234
298
298

230
2:.JG
281
285

222
218 (
231 5 227 ±2.
222
299 ...
290 . .. ::::: }292±2 .

It was my habit to compute all the values of H individually.
these the following mean values of hardness were derived:
10

P=

12

]!)

From

~fean

30

valtws.

Glass!.....
212 ........
215 ...... .. ........
214 ......... .. ..... 214±1
Glass II............
228 ..... ...
222
227 . .......
223 ........ 226 ± 2
Glass III .. . . .. .. .. . . .. .. .. .
244 .. .. .. . . . . . . . . ..
237 .. . . .. . .
236 239 :±- 2

~•,:r~:i~: l

292 ..••. ••.

298

.... ... . ... •.

293

...

+·. ..

------1
----

295±2

---

-

These data show a sequence of va.Jues which in the first place is
qualitatively in accord with the usual scale of hardness (glass 4 to 6,
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quartz 7). They further ~how a highly satisfactory degree of accordance (remembering always that this is the first attempt made to define
hardness rigorously); for the errors lie within 1 per cent. In case of
the individual values for glass even the extreme data lie far enough
apart to indicate the difference of material. Nor is it remarkable that
the value for quartz is not larger relatively to glass, seeing that all
these bodies are closely related to each other. Indeed, I shall show
elsewhere that quartz plates cut parallel to the axis a.r e not harder
than glass of average hardness.
Inasmuch as hardness thus appears as a particular kiwi of tenacity,
it is interesting to compare the results obtained with tenacities
obtained by other and more common methods. This can at once be done
for glass, thanks to the elaborate reserches of v. Kowalski.* I will
therefore compare his data for Thuringian glass with the mean of my,
values for hardness
Tenacity of glass ·in kgjmm 2
'rension .. ___ ... __ ..... ____ ... _- ..... _.... - _- .. __ ..... _-. . 8. 8
Flexure .. ___ ... _. - ... ____ .. ___ .... _..... _. _.. _.... ____ - . . 8. 8
Torsion _____ . _____ .. __________ .. ___ . _______________ . __ . . . 10. 1
Compression . __ . _. _. __ . ___ ... _____________________ . ______ 37.7
Hardness . _________________________________________ . _. ___ 226.

Hence longitudinal and flexural tenacity are about equally large,
torsional tenacity is somewhat larger, compressional tenacity four times,
and hardness twenty-six times as large as the first quantity.
I shall now attempt to avail myself of equation (5) a1Hl thns outaiH
t~w elastic constant Et aud possibly the modulus B 1 •
The following values obtain for E 1 •

I'

MatoriO!. _

I Gla" I. IGJ"' IT. [ Gl"~III.I Qu"''"-

E = -----····----· \

Probable error =.

5592 1

±15

G960

±24

I

1764 \

±45

10164

± 18

1

Now Et contains both E and p, and these can be individually meas~
ured only by a combination of methods; for instance, from data for
flexure and torsion, or for longitudinal extension and radial contrac.
tion. In viewofthe peculiar signification of E 1, it is possible to obtain
approximate results at least, without special experiments; for p occurs
in Et in the form of (1- JA-2 ), a function which does not markedly change
even if the extreme values for JJ- be inserted.
According to Oornu,t Everett,+ Voigt,§ Uantone,JJ and v. Kowalski~
* V. Kowalski: "Tenacity of glass." Wied. AmL 1 18891 vol. xxxvi, p. 307.
older results of Wertheim a.re much smaller.
tCornu: Cornpt. Rend., 1869, vol. LXIX 1 p. 333.
:!:Everett: Phil. :rrans. 1 18671 p. 139.
§Voigt: Wied. Ann., 1882, vol. xv, p. 497.
II Cantone: Ace. Line. 1 18881 vol. rv 1 pp. 2201 292.
~Kowalski, l.
p. 15.

c.,

The
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the value~ of J.l for glass lie between 0.208 and 0.26+, and for thm;e
extremes the values of (1- JA-2 ) are 0.9i37 and 0.930, respectively. Furthermore, the mean value and probable error of JA- will, in consideration
of the weig-htR of the individual meatmrements, be f£=0.225:::!: 0.008, and
therefore,
(1 - JA-2 ) = 0.949 :± 0.003.
Hence the error would be no larger than one-third per cent, but for the
fact that fl is only given for very small strains. In case of marked
deformation }J, according to Rontgen* and others, is smaller; and when
the body is incompressible (where fl = 0.5), the decrease in question is
pronounced. These extren:e conditions are without relevancy in the
present case, and, proceeding from analogy, I shall put
(1- JL2 ) = 0.97:::!: 0.01,

so that the probable error is 1 per cent. Hence to compute E it is
merely necessary to deduct 3 per cent from E 1, whence
1
1

Material.
E= .....

I Glass,

··I

r.j ~1:;;. G=:~~(

5424

I

6751

-

7531

I

The elasticity of different glasses is therefore subject to large variations, and it is scarcely possible to make a detailed com]Jarison with
the results of other observers, as long as the character of the glass in
question is not defiuitely specified. In how far my results are in keeping with such value may be gathered, in a general way, from the following interesting table:
Substance.

Observer.

Soft glass ............
Crystal, contn.ini11gPb.
Greenh;h glass .. ___ . .
Thuringian glass __ ._
Half hard glass. __ .. _
Crystal ..............
-Plate glass .. _. __ .....

Auerbach ..... - .. .
Wertheim 1 . . . . . . .

5424
5477

Voigt2 . ____ . _____ .
Y. Kowalski3. ____ _
Auerbach. ___ .. __ .
Wertheim .. __ .. _..
Pscheidl4 _. __ .. __ .

6480
6702
6751
6890
6920

E.

Substance.

I

Observer.

Plate glass ...... _...
Plate glass, Rhenish.
GlassofFurth ......
Belgian glass _.. __ ..
Hard g~ass. __ .. ____ .
Bohf'mlan glass. ___ .
·window glass

E.

Werthtlim ....... .
Voigt .......... __ _

7015
7358

I

PscbeicU .......... I
Pschei<ll.-- .... -- -1
Auerb.ach .. - ... -- .
Pscheull ....... _..
1

------ 1Wertheim --···-··1

7-!27

7493
7531
7550
7917

W crtheim and Chevandier: Compt. Rend., 1845, vol. x.x, p. 1637.
2Voigt: Wied. Ann., 1882, vol. xv, p. 497.
3v.Rowalski: l.c.,p.10.
4PscheicU: vViln. Ber., 1877, vol. lxxix, p.l14; 1882, vol. lxxxvi, p.l15.
1

It is my purpose to carry out a comparison of this kind systematic.
ally, by testing both the modulus of elasticity and the hardness of a great
variety of glasses.
*Rontgen: Fogg. Ann., 1876, vol.

CLIX,

p. 601.
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For qual'tz; the value fl has no immediate meanjng, lmt the factor
with which .E1 it-; to be multiplied to obtain the modulus Eo in the direction of the axis is certainly nearer 1 than in the case of glass, seeing that
both hardness and elasticity are more pronounced in the former case.
Hence, the error made by putting Eo=E 1 or E 0 =10164 will not be
larger than 2 per cent. Indeed, this value when compared with VoigUs
value, Eu=10304, agrees with it to about 1 per cent. In consideration
of the totally differeu t methods by which the two results are reached,
the agreement is very satisfactory. Moreover, since the two data correspond to different intensities of strain, complete eo-incidence is not to
be looked for.
I will close with a short comparison of• the values of hardness and
elasticity. It appears at once that the harder of two bodies is the
more elastic, but hardness increases less rapidly than elasticity. If H
be expressed in per cents of E, the following values obtain: Glass I,
3.9; glass II, 3.3; glass III, 3.2; quartz, 2.9. This state of things is
strikingly manifest in the experiments themselves. One would naturally expect that greater pressures are to be brought to bear in the cases
of the harder and more elastic bodies. As a rule the reverse of this is
the fact. For in the case of the softer material the surface of cm1tact
rapidly increases, and hence greater pressures must be exerted to produce the same stress per m1it of area.

THE FLOW OF SOLIDS,*
OR THE BEHA.VIOR OF SOLIDS UNDER HIGH PRESSURE.

By

WILLIAM HALLOCK •

.A.mong the many physical questions that are of vital interest to the
student of structural geology the one which may well contend for a
position in the front rank is, What is the effect of pressure, with or
without a rise of temperature, upon the rocks and rock-making magmas
which form the outer shells of our earth~ .A.s a very important subdivision of this general question we have this: What is the effect of presSlues upon so-called solids without any rise in temperature above a poiut
far removed from the ordinary melting point? In other words, can we
liquefy solids by pressure alone? .A.s corollaries we have any peculiarities at the instant of liquefaction and possible chemical reaction
during this state of enforced liquidity.
These questions have loug formed the subject of theoretical discussion, but in spite of the fundamental importance of their satisfactory
and final settlement they have seldom been investigated experimentally, doubtless owing to the difficulty of obtaining, measuring, and
managing sufficiently high pressures.
Walther Spring may perhaps be rightfully called the pioueer in this
work, having within the last few years published. the results of much
experimental work upon this question. His memoirs t would seem to
prove without doubt and finally, that pressures -qnder 7,000 atmospheres will liquefy the large majority:j: of solids, and it is only a ques*From Bnlletin .No. 55 of the U. S. Geologwal Su1·vey.
t Bull de l' Acad. de Belg., 1880, 2d ser., vol. XLIX, and 1885, 3d ser., vol.
Bull. de la Soc. Chim. ile Paris, 1883, vol. xxxix, and 1886, vol. XL VI.
+Bull. del' Acai(. de Bclrh 1880, 2(1 se~· , Yo!. xux,

IX;
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tion of a little higher pressure to accomplish the result even with the
most refractory. Further than this, Mr. Spring has investigated the
second corollary, and :finds that chemical reaction takes place during
this fusion;* at least when the volume of the products is less than that
of the original substances.
Unfortunately however for the conclusive character of Mr. Spring's
works, they have been seriously called into question, especially by Ch.
Friedel.t Eduard Jannetazt repeated many of Spring's experiments,
and his results confirm Friedel's criticisms rather than Spring's conclusions, which he (Jannetaz) contradicts in every essential point.
Buch was practically the condition of the question two years ago,
when the Director of the U. S. Geological Survey, J. W. Powell, requested me to devote my time and thoughts to what we hoped would
be its final settlement. §
It would ue unjust to leave unmentioned here the elaborate and exhaustive series of experiments made by Henri Tresca II on ''the Flow
of Solids," which are fundamental as regards the point investigated,
which however is but a small part of the general question.
In order that my meaning may be clear, I wish for myself and for
this paper to impress certain meanings upon certain terms or words.
Primarily, I wish strongly to distinguish between causing a body to
"flow" and rendering it a true liquid. Any substance may "flow"
when the force acting to cause the molecules to change their relative
positions is greater than the force with which the molecules are held iu
their original positions; i. e., is greater than the rigidity or viscosity of
the substance. This can occur from two causes,-an increase of the
force tending to disturb the molecules, or a diminution of the resisting
power, the rigidity of the material. The :first cause may take the form
of pressure, strain, or such like force; the second cause is beat, and
possibly other agencies. Whether rupture or flow takes place when
the deforming overcomes the resisting force depends upon the nature
of the substance, its limiting conditions, and the time allowed for the accomplishment of the motion.
It is impossible to draw a sharp line between" liquids" and'' solids;"
for convenience they may well be classed as true liquids, viscous
liquids, viscous solids, true solids. In the :first class would fall
such substances as, in a small fraction of a second, :fill their containing
* Btt,Zl cle l' Acacl. de Bel g., 1880, 2d ser., vol. XLIX, and 1885, 3d ser., vol. Ix; and
Bnll. de la Soc. Chi.m. de Pttris, 1883, vol. xxxix, and 1886, vol. XLVI.
t Ch. Friedel, Bttll. de la Soc. Ch,im. de Pa1·is, 1883, Yol. XXXIX, p. 626.
tEd. J annetaz, Bnll. de la Soc. Chim. c7e Paris, 1884, vol. XL; Bnll. de la Soc. Mineral.
ilc Prance, 1885, vol. VIII, 1). 168.
~This paper is essentially taken irom a, report maue to Maj. Powell, dated at Watertown . MaRs., September, 1885.
II Henri Tresca, ][em. del' lnsl. Savctnfes El1·angers, 1868,vol. XYIII. Comptes Rendns,
1868, vol. I.xn; 1869, vol. LXYIII. Sf'e Tresca, in Bibliography, at end of article.
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vessel to a horizontal surface. As true liquids we should then have
such as alcohol, water, glycerine, molasses, etc. Viscous liquids require
several seconds to fill their containing vessel to a level surface; thick
tar is a good example. When the substance requires hours or even
weeks in which to yielcl to gravity and change its form, I would call it
a viscous solid; paraffin, shoemaker's-wax, and even lead and some
other metals are such. A true solid retains its original shape indefinitely under ordinary conditions of pressure and temperature, as steel,
glass, etc. Of course such a thing as an absolutely or perfectly rigid
substance is as unknown to us as is an absolute or perfect fluid.
If the above ideas are correct, "true liquefaction" is the diminishing
of the rigidity or viscosity of a substance until its molecules ehange
their relative positions as easily as in a true liquid.
I give these definitions merely that I may be understood in the usc
of these terms, and not because I think them new or especially good.
In order that a substance may undergo a change in its chemical or
crystalline character, it is undoubtedly necessary that it should be in
the condition, at least, of a viscous solid, so that the molecules can
slowly re-arrange themselves, if there be any force urging them thereto.
Our questio11 is, Will pressure alone impart to the molecules sueh a
freedom of motion~ A prior·i it is inconceivable to me how or why it
should. For with the exception of a few isolated substances at particular temperatures-as water between 4° C. and ice at zero-an increase
of liquidity or a diminu~ion of rigidity is simultaneous with an increase
of volume-that is, with an increase of the inter-molecular distances,
which is accomplished by" heating" the substance. In general, for one
and the same substance over considerable ranges of condition, the
rigidity diminishes as the inter-molecular distances increase. How then
can pressing the molecules nearer together be expected to give them a
property which always accompanies their separation?
THE APPARATUS.

The first requisite tor the experiments was pressure, and naturally
desiring the best machine, we were able, through the kindness of Gen.
Benet, Chief of Ordnance, to have the uRe in its spare moments of the
testing machine built by A. H. Emery for that department, and situated
at Watertown, Mass. This machine undoubtedly enables the operator
toobtain-measure-andmanage-highpressuresbetterthananyother.
Personally, I am greatly indebted to Capt. J. Pitman, of the Ordnance Oorps, for suggestions as well on the construction of the holders
as on the theoretical points; and also to Mr. J. E. Howard, the engineer in charge of the testing machine, for his knowledge of the capacity
of materials, and their best Rhape and quality to obtain the results
desired. The apparatus was constrnrted by the American Tool and
Machine Company of Boston, l\Iass.
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For the preliminary tests it seemed desirable to have a holder which
could. be opened, so as to show the compressed material in position, aud
:finally the following form was adopted:
Diagram of apparatus used in work on high pressures.
B

F

B

FIG. I.-Longitudinal sectiou.

A

FIG. 2.-Transverse section.

Fig. 1 shows a longitudinal section on .A. A of Fig. 2. Fig. 2 shows
a transverse section across the holder on the plane B B of Fig. 1. E E
are the two halves in contact at h h, inclosing the cylindrical hole F,in
which the substance to be pressed is placed. h hare strips of tissue
paper, used as packing between two halves. I and P, Fig. 1, are the
two pins, acting as pistons, :fitting into the hole F, to transmit the
pressure; a a and a a are copper " gas-checks," placed in front of these
pins, to flare out and :fill tightly the hole, preventing any escape of
material. Figs. 1 and 2 are about one-sixth of natural size. Fig. 3
shows the manner in which the apparatus was held in the testing machine and the pressure applied. P P P and P' P' P' are the jaws of
the hydraulic clamps of the machine (capacity 1,000,000 pounds). H
H are mer(jly blocks to enable the clamp to properly hold the holder
E E. N is a block to ];told the back stationary pin in place. The lettering in Figs. 1 and 2 apply in Fig. 3. V Vis the hydraulic clamp
on the :fixed end of the testing machine where the pressure is weighed.
The block B B moves on a spherical surface (R R) on the plate T T,
thus permitting the adjustment of the face of 0 perpendicular to the
line of pressure or parallel to the rear surface of the pin I. To apply
the pressure, the movable clamp P P' is forced toward V V by a
hydraulic piston, thus forcing the holder E E over the pin resting
against 0; the pressure on 0 is measured by the hydraulic balance
of the machine. In this manner a total compressive power of one
million pounds was available, but as the pins yielded at 110,000 pounds
per square inch, the tests were not carried al;)oye 6,409 tlit~os:phe:r~s~
or 96,000 pounds per square inch,
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FIG. 3.---Part of testing machine .

.EXPERIMENTS.

With the above apparatus, used as dm;cribed, the following tests were
made:
:FIRST TEST.

A paper roll containing 1.557 pounds "c. p. granulated lead" was
placed in the hole F, the gas-checks and pins were inserted, the holder
halves clamped together, and the pressure was slowly applied; the
amount of compression was m~asured in t.h e distance tow hich E E llad
H. Mis. 334, pt. 1 -- 16

242

THE FLOW 01<, SOLIDS.

been forced over the right-hand pin. Multiplying the simultaneous
loads and compressions, we obtain the work done, and hence the possible heat generated. In this experiment the work done was 2,330 footpounds, or 3.0 thermal units, 1 pound 1° F., sufficient to raise 1.557
pounds lead ctlone about 63° F., or 34° 0. If the heat generated is dissipated into the holder E E, as is sure to be the case, the rise in temperature would be less than 1° 0., or 1o.8 F.
Under a pressure of 6,000 atmospheres the granular lead showed not
the least sign of true liqnefactiou. It was merely pressed together, and
could easily be broken up and reduced to the original grains between
the thumb and finger. It is true these experiments were not performed
in vaeuo) a condition which Walther Spring considers of importance.
But if there is a 'true liq uefactiou, why does not the air rise to the top
of the cavity and allow fusion, as it does when the granular lead is
heated? There is no Jiq uefaction, only a pressing aud sticking together.
S E C OND TE S T.

Next 0.672 pounds* of antimony was ground in a mortar until it went
through a 48-sieve, and then it was similarly submitted to G,OOO atmos.
pheres pressure, with the same result; the grains were simply stuck
together, and were perfectly distinct in their original form. The cylinder formed was hard and tenacious, but gave no signs of liquefaction
or recrystallization. The work done in this case might have raised the
antimony alone 230° F., or 110° 0., or holder and antimony 1 o.8 F., or
1° 0.
THIRD TEST.

Well-crystallized calcite, 0.271 poundst was ground, put through a
48-sieve, and submitted to a pressure of 6,000 atmospheres, producing
practically no effect, the resulting mass beiug easily broken between
the thumb and finger.
Finding it useless to have large quantities of the compressed material
for elaborate examiuation, it was decided to expedi~ matters by putting
in several substances at one time, and the following rather crucial test
was made:
FOURTH TE ST.

L H, left-hand pin, stationary. R H, right-hand pin, entering the
bole F, moving.
The charge was composed as follows:
A.
B.
C.
D.
E.
F.

Small section of antimony from test II.
A stick of beeswax, whittled round, nearly fitting the hole.
!\.stick of paraffin, whittled round, nea.rly fitting the hole.
Bismuth prepared like the antimony for test II.
Paraffin, same as C.
Lead from test I .
.,. 0.672 pounds antirnony, solid, filled the hole F , 5 inches long.
t 0.271 pounds of solid calcite fills the holder, 5 iuch<>s in length.
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d d were double-pointed tacks stuck into the top of the beeswax and
paraffin, and at a and a two old silver 3-cent pieces were laid on top of
the wax and the paraffin in the cylinder.

c

E

.F

FIG. 4.-Diagram showing experiment.

What are we to expect? The silver pieces and tacks would fall
through the liquid wax and paraffin, and Band C, if liquid, would mix.
Nay, according to Spring's results, we should expect to :find along the
lower part of the mold a semicylindrieal piece of an alloy of lead, antimony, bismuth, possibly silver and iron, and above this the mixture of
paraffin and wax. The actual result was that the substances all came
out just as they went 'into the press. There was not the slightest trace of
a tendency to flow on the part of the metals; the lead and antimony remained as they were, the bi~muth acted precisely as did the antimony
in test II. There was no sign of fusion of the wax and paraffin, which
separated on their surface of contact (between B and C) clear and distinct. a, a, d, and d did not sink to the bottom-on the contrary, they
retained their original positions; and the silver pieces were forced
against the top of the cylinder so powerfully that their impression left
in the steel holder was earsily seen and felt, and the pieces were bent
cylindrical, fitting the inside of the holder. Here we find a much greater
rigidity of wax and paraffin under pressure than ordinarily supposed
possible under any circumstances.
Nowhere was there <1 sign of true liquefaction. ThP wax and paraffin
had acted only as viscous solids, and flowed only to fill the available
opening.
FIFTH TEST.

In a rsimilar way tile following substaucers were subjected tu a pressure of 6,000 atmospheres, with the results ars stated:
Sodium carbonate, dry.-Stuck together slightly, re~::;embling chalk; easily cnt with
a knife.
Sodium snlphate.-Probably dissolve(l in its water of crystallization (10H2 0): it was
forced out between the halves of the holder as a milky liquid which solidified.
The little left in the holder resembled paraffin in appearance, but soon weathered to a white powder.
Zinc sulphate ( + 7Hz0) .-No signs of fusion; merely stuck together; the original
pieces of crystals easily visible.
Copper sulphate ( -t-5H20).-Same as >~inc sulphate.
SJXTII TEST.

Potassium chloritle.-Formed a hnrd lnmp, whose fracture resembled that of loaf
sugar or that of marble, with the original cry;;tals visible; no trace of fusion.
Sodinm chloricle.-Himilar to potassinm chloriii.C', o11ly :L little mor0 compact.
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Ammonium chloride.-Still more. compact, resembles vegetable ivory; possibly the
beginning of fusion. Observe the order of increasing effect:

Sulphur roll.-Grounu and put through a48-sieve; formed a hard, soliu, brittle mass,
but the original grains were easily distinguishable, there being no trace of a true
liquefaction.
S~~VENTU TI~ST.

Powdered glass.-No effect; scarcely coherent.
Powdered rosin.-Very good fusion.
Powdered borax.-A compact, chalk-like mass, sUghtly translucent; no crystallization.
Powdered zinc and sulphur.-N o trace of fusion or chemical union apparent. Carbon disulphide dissolved out the sulphur so completely that the remaining zinc
gave a mere trace of sulphureted hydrogen on treating with hydrochloric acid.
The zinc was slightly coherent, but there was no fusion and no zinc sulphide
formed.
~

After obtaining the above results it seemed useless to continue this
line of experiments, and preparations were made to use more rigid steel,
by which it was hoped that pressures of at least 10,000 atmospheres
might be obtained; also for making the compressions in vacuo. U nfortunately thus far nothing but preparations have been made, since tlie
testing machine is kept fully occupied with the special work of the
department to which it belongs. It is hoped, however, that this investigation will soon be taken up again and carried to a close; till then
our conclusions are only temporary.
The above substances were also compressed by W. Spring* in vcwzw
with the following results:
Lead.-Perfect fusion at a pressure of 2,000 atmospheres. At a pressure of 5,000
atmospheres it ran out of all the cracks (fentes) of the apparatus.
Bismuth.-At a pressure of 6,000 atmospheres, perfect fusion.
Tin.-At a pressure of 3,000 atmospheres, fusion.
Zinc.-At a pressure of 5,000 atmospheres, perfect fusion.
Antimony.-At a pressure of 5,000 atmospheres, beginning of fmlion.
Sulphur, prismatic.-At a pressure of 5,000 atmospheres, fusion to the octahedral
form.
Sulphur, ]llastic.-At a pressure of 6,000 atmospheres, fusion to the octa,he<lral form.
Sulphur, octahedraL-At a pressure of 3,000 atmospheres, fusion to the octahedral
form.
Potassium chloride.-At a pressure of 5,000 atmospheres, perfect fusion.
Sodium chloride.-At a pressure of 5,000 atmospheres, perfect fusion.
Ammonium chloride.-At a pressure of 4,000 atmospheres, perfect fusion.
Sodium sulphate (lOH20).-At a pressure of 3,000 atmospheres, perfect fusion.
Zinc sulphate (7R:O).-At a pressure of 5,000 atmospheres, perfect fusion.
Copper sulphate (5H2 0).-At a pressure of 6,000 atmospheres, completely crystallized.
Sodium carbonate, dry.-At a pressure of 5,500 atmospheres, stuck together (agglomere.)

Iceland spar.-At a pressure of 6,000 atmospheres, imperfect fusion.
Borax (crystallized).-At a pressure of 7,000 atmospheres, imperfect fusion.
Glass (powdered. )-At a pressure of 6,000 n.tmospheres, no effect.
And so on to the end.

" Bull. del' A cad. Roy. de Relg., 1880, 2cl ser.,
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Excepting the last four substances mentioned, our results are directly
opposed to those of Spring, but support the criticisms of Friedel and
Jannetaz.
CONCLUSIONS.

Conclusions at this stage of the investigation are necessarily premature and tentative; still it may not be out of place to summarize the
results of these and other experiments.
It seems established that pressure alone can not truly liquefy a solid,
i. e., diminish its rigidity. Consequently, we can scarcely expect chemical and crystalline changes by pressure alone. Solids can be made to
flow and act in that respect, as liquids, by pressure, which overcomes
the rigidity without diminishing it. In this case the time allowed for
the motion is of vital importance.
Whether further investigation will alter these conclusions or not is a
question of time; at present, I believe them the only true ones to be
drawn from the available facts.
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One hundred yea.rs ago, on the 16th of March, 1789, George Simon
Ohm was born at Erlangen. His father was a lock-smith, an unusual
man, who trained both his sons in mathematics as well as his trade.
These gifted young men were endowed by him with that thirst for
knowledge which led him to devote his riper years to mathematical
Htudies. The younger brother, Martin Ohm, became distinguished as
a mathematician, and died as professor of mathematics at the military
school at Berlin. George Simon Ohm climbed to the lofty position of
those rare men whose names shine with everlasting glory in the history
of science, which they have enriched with their wonderful discoveries.
Only a few of his contemporaries could fully appreciate the unpretentious scientist, or estimate the wide application of his law of the galvanic current, with the discovery of which his scientific career commenced. In the beginning of the century Volta had discovered his
"pile," that most marvellous structure that the keennesR of the human
mind ever devised. From that moment numerous physicists had been
ceaselessly active, investigating in every way tbe ·wonderful and manifold effects of the electric current which that pile produced.
The decomposition of water had been discovered in 1800 by Nicholson and Carlisle. Twenty years later th e deflection of the magnetic
needle was observed by Oersted. Thermo-electricity was discovered in
1821 by Seebeck; electro-dynamic phenomena, in 1823, by Ampere. .Cn
1821 Schweigger and Poggendor:ff i.nvented the galvaniscope ("multiplicator "), which first rendered possible the accurate measurement of
the e:ffec.ts of the current. The multitude of observations became more
numerous in proportion as more varied means of investigation became
available. Nevertheless they were not able to lift the mysterious veil
which shrouded the workings of the galvanic current. On the contrary, they seemed rather to increase the Babel of conflicting theories.
We are filled with strange sensations, glancing to-day through the
articles of that time upon the galvanic current. We see the most
experienced investigators doubtfully groping in darkness where to-day,
*An address delivered at the public meeting of the H.oyal Bavarian Academy of
Sciences of Munich, March 28, 1889.
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thank::; to Ohm'::; discO\'ery, all is to us clear and evident. The majority of the galvanists of the day indeed seemed contented in the labyrinth in which they had involved themselves. They did not seize the
thread of Ariadne which the sharp-sighted investigator seized at last.
These pioneer services of Ohm at :first remained generally unappreciated. O~ly individual physicists, like Poggendorfl' and Schweigger,
Pfaff and Fechner, recognized their great importance, and with success
in their work used this new enunciation. It required a foreign impulse
to win recognition in Germany for his law of the intensity of the current.
This law is always meant when "Ohm's law" is referred to. Pouillet
established Ohm's law in France by the articles which he published in
1831 and 1837, five and eleven years, respectively, after Ohm's discovery. In spite of this fact Pouillet believed himself the real discoverer,
because he had found it experimentally. Pouillet believed that Ohm
had only deduced it mathematically from certain hypothetical premises.
In France the belief arose that Ohm found his law by simple deduction
based upon an hypothesis, and then subsequently verified it by experiment. This belief remains to the present day in spite of frequent con·
tradictions. It is found to-day not only in French treatises, but, most
inconceivably, even in widely used German text-books. It would thus
appear by no means superfluous to set forth the history of Ohm's great
discovery, in its actual course and based upon original publications.
Experimental investigation strives to recognize a law of nature by
attempting to establish the dependence of the effect in any natural
phenomenon upon its determining cause. Measurements are made in
as many individual cases as possible. Then some relation is sought,
in the shape of an equation, which shall express this dependence and
re-produce all the individual cases as accurately as possible. In the
choice of this equation mistakes will occur which can not be immediately detected. The one taken may sufficiently conform to tile available observations, which may embrace too small a range of the determin·
ing quantity, and may fail utterly when this range is extended. Then
it can not be looked upon as the expression of the law of nature sought,
which must cover all cases without exception.
Ohm followed this experimental method when, in 1825, he tried to
establish the law of conduction. He was at that time a teacher in the
public school (gymnasium) at Cologne. The experiments made for the
above purpose were described in an article entitled" Preliminary notice
of the law according to which metals conduct contact electricity,"
Sch weigger's Journal, 1825, vol. XLIV. His " preliminary notice" wa,too hasty. The formula which he proposed is incorrect. It is:
V=

1n

log ( 1 + ~)

wherein m and a are constants, and v the loss of force on introducing a
length of wire equal to x. Ohm soon recognized the cause of this
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failul'e iu the too limited range of his experiment~ and in the .fluctuations in the force of the galvanic battery. Much later the invention
of the constant cell obviated tliese fluctuations.
In the summer of the same year, 1825, and in the same volume of
Schweigger's Journal, appears a letter from Ohm to the editor. He says
in consequence of more extended experiments he is moved to replace
his formula with a new but analogous one. In this the force would only
vanish for x = oo .
Not long after this, in the spring of 1826, vol. XLIV of Schweigger's
Jmwnal contained that wonderful pioneer work which contains the
experimental discovery of the law of the intensity of the current. Its
title is: "Determination of the law according to which metals conduct
contact electricity, together with the outlines of a theory of Volta's
apparatus and the Schweigger's galvanoscope." In the introduction
to this article Ohm expresses the hope that he is in a position to
propose what will appear to be a true law of nature. First, on account
of its perfect agreement with experiments extended in all directions;
second, and especially because of its simplicity which extends it to all
our experience with the electric current. .A simplicity such as is only
found in truth.
The "fluctuations of force" had disturbed Ohm greatly in his former
experiments, Poggendorff suggested that he should use a thermo-electric
instead of a hydro-elec.tric battery. This he did and now the law appeared in perfect distinctness trom his measurements. The intensity of the cur1·ent is directly proportional to the exciting force and
in11ersely proportional to the total resistance. This he represented in the
equation

"wherein X is the intensity of the magnetic effect of the conductor
whose length is x, a and b represent constant quantities depending
upon the exciting force, and the resistance to conductivity of the other
parts of the circuit.
In this law he held in his hand the key to the various riddles before
which physicists had hitherto stood helpless. .And indeed he knew
how to use that key ! Farther on he says : " Our equation has now
sufficiently established itself as the accepted representative of nature
by the correctness with which it always repeats the results obtained in
such profusion from the thermo-electric battery. Let us follow it farther and see what it may still hold concealed in its lap."
<Jhm then developed the peculiarities of the galvanic battery and
galvaniscope, which till then had appeared so confused and unintellible. And we in our text-books to-day follow his development. Bubbling over with joy in the feeling that he had beheld the face of truth.
he may well feel a justifiable pride. At the close of that wonderful
work he exclaims: "The theories of the battery and galvaniscope, here
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sketched in rough outline, are established even better by the truth of
the law of the conduction of the current in metals here set forth, than
they are by the experiments themselves from which they were derived.
Effects of the galvanic current auparently the most varied are reduced
to a striking simplicity."
What Ohm here and in the title calls" theory" is limited to the immediate consequences of his law determined inductively. It has nothing
in method in common with the truly so-called" theory" which he proposed much l.ater in his famous work, "The Galvanic Battery," and
which he evolved deductively upon premises and partly hypothetical
considerations.
It is hence perfectly clear that Ohm discovered his law in the purely
empirical way. Six years later, October, 1831, Pouillet appeared in
an article on the application of the thermal battery to the determination of the law of intensities in a constant current. What Pouillet
believed himself the first to do, had already been done by Ohm in the
above article in the most complete manner. Nowhere in his article is
there so much as a suggestion of a hypothetical consideration which
might have influenced him in the choice of his mathematical expression.
The fact above stated that the formula :first proposed was wrong, affords
the most striking proof that those theoretical considerations which
enabled him later to deduce his law mathematically, were at that time
quite remote.
Ohm's name has been made immortal by this typical experimental
treatise. It contains the discovery of the law of the intensity of the
current, fully and completely, along with the most important conclusions to be deduced therefrom. In view of this inherent value it is
undoubtedly to be preferred to the other most important works of Ohm,
even to that one most famous of all his writings, "The Galvanic Bat.
tery Treated Mathematically," which has always held the highest place
in public estimation. In that experimental investigation he robbed
nature of her secret and announced that everlasting and immutable
law of 11ature which will outlive all the variations of theoretical beliefs.
A mind like that of Ohm, trained and accustomed mathematically to
inquire into the causes of phenomena, must soon have felt the need of
showing that what he had inductively recognized was deductively a
necessary consequent of simple conceptions as to the way in which
electricity appears at the point of contact of different substances and
disseminates itself in conducting materials.
In the same year 1826 he published an article entitled: "Attempt at
a theory of the electroscopic phenomena produced by galvanic forces."
He reports the happy result of his endeavors in that he not only re-discovered, in this opposite way, the experimentally determined law of
the intensities of current, but also found a second, no less important,
the electroscopic law or law of tensions.

THE SCIENTIFIC WORK OF GEORGE SIMON OHM.

251

This commuuicatiou was but the precursor of tllat classic work so
frequently referred to: "The Galvanic Battery Treated Mathematically.'' This he produced in the quiet of a much-needed vacation, and
published in May, 1827.
In the introduction to this article he says b.is aim has been ;'to
deduce in connected sequence and from a few principles those electrical phenomena which are comprehended under the epithet galvanic;
the purpose is accomplished if the variety of facts is subordinated to
the simplicity of comprehension.'i Indeed he accomplished his purpose
most completely. He extended to electrical conduction the ideas of
Laplace, Poisson, and especially Fourier on the conduction of heat, and
evolved the laws of the electric current with the mathematical means
which those investigators had created for their own purposes. This
thoughtful theory of Ohm stands to-day unshaken,-a compactly constructed whole. In order to bring it into unison with the present views
concerning electricity it is only necessary to remark that what Ohm
calls " electroscopic force" or "tension" is nothing but electrical
potential.
The Laplace-Poisson equation, which formed the basis of Ohm's deductions, shows indeed that in a conductor carrying constant electric
currents, as well as in one in electric equilibrium, the free electricity is
all distributed on the surface. The surface layer, however, in the case
of the currents shows a different distribution from that in the condition
of equilibrium. Ohm, on the contrary, assumed that the free electricity
was spread over the whole cross-section of the conductor carrying the
current. This assumption called forth many contradictions, because it
was so foreign to the nature of electricity. By removing this contradiction newer views, without changing in the least Ohm's formula or
conclusions, have only served to establish the theory all the more firmly.
The subsequent extension of his theory, by its application to conductors
of two and three dimensions, was an immediate generalization of his
method of treatment which Ohm himself foresaw; also, the enunciation
in that well digested work of Ohm's on the non-constant or charging
and discharging currents, stands to-day in unchanged correctness.
As has already been emphasized, the first discovery of Ohm's law as
to ' the intensity of current is not contained in that master investigation. The law previously discovered and proven by experiment served
; only as the touchstone for the theory of which it appeared to be a
necessary consequent. But the bi'illiancy of this theoretical accomplishment threw his previous tedious work of empirical investigation so
into the shade that it is partly conceivable how the belief arose that
Ohm mathematically deduced his law from debatable hypotheses.
At first Ohm received no recognition from even this work. It
received no attention in many circles; from many sides came sharp
criticism; from only a few genuine approval. His hopes of being able
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to follow au academic career were dashed by hard disappointment
and he resigned his position as teacher at the gymnasium and retired,
discouraged, to private life. The cramped position in which he now
saw himself placed must have been depressing for his spirits. Still
this period of six years which elapsed until his appointment as professor of physics in the polytechnic school, at Nuremberg, in 1833, was
not entirely barren for science. In a series of articles, published
mostly in Schweigger's Jottrnal, he furnished renewed experimental
proof of the law discovered by him. We find in these teeming articles
the law of the branching of currents (Schweigger's Journal, 1827, vol.
XLIX); observations on th~ "fluctuations of force," on the poalariztion
of electrodes and transition resistance, beside methods for determining
galvanic resistance and electromotive force. .An article from this period
is especially worthy of notice as a model of experimental investigation,
entitled" experiments on the more accurate comprehension of uni-polar
conductors." In it he entirely explained, by a complete series of wellchosen experiments, the enigmatical phenomena of so-called uni-pola1·
conduction.
The above-mentioned article of Pouillet, in 1837, and the claim made
in connection with it, finally brought Ohm's discovery to the attention
of physicists at home and abroad. Especially in England was its farreaching importance immediately recognized. The Royal Society, at
its annual meeting of November 30, 1841, conferred upon the unassuming German scientist the gold medal which Copley had established as
a prize for the most conspicuous discovery in the domain of exact investigation. The medal was accompanied by a formal letter of presentation, which points out in strong terms Ohm's services to galvanism, and
which is no less an honor to the learn~d society than to the recipient of
the prize. Thus Ohm received abroa<i the tardy recognition which his
native land had so long withheld. He gave touching expression to
his gratitude in the dedication of his work "Contributions to Molecular
Physics" to the Royal Society of London, which by its words of approval had given his courage new strength for continued strife in the
field of science, w~eakened as it was by previous discouraging experiences.
His creative genius, which seemed to lie fallow during the last years,
awoke anew. Soon he was successful in a second great venture, this
time in the field of acoustics, (upon which he had entered in 1839,) in a
"Note on Combination Tones." In his article "On the Definition of
Tone and a Consequent Theory of the Siren and Similar Tone-Producing
.Apparatus," he established, in 1843, the law of acoustics also known
by his name. Inasmuch as this law furni~hes the clearest insight into
the hitherto incomprehensible nature of musical tones, it dominates
the acoustics of to-day no less completely than does his law of the
electric current dominate the science of electricity. This law states
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that the human ear perceives onlypendulum-like vibration as a simple
tone. Every other periodic motion it resolves into a collection of
pendulum-like vibrations which it then hears in the sound as a series
of single tones, fundamental and overtones. Ohm arrived at this law
from mathematical considerations, making use of Fourier's series; for
its experimental verification he was compelled to use the well-cultivated ear of a friend, inasmuch as he was himself entirely devoid of
musical ear.
..
Like his law of the current, this law of acoustics received no recognition from his contemporaries. It was, in fact, opposed by Seebeck,
one of the most prominent investigators in that field, as being an idea
too foreign to the accustomed method of presentation. This law of
Ohm was not accepted until Helmholtz furnished the experimental
means which enables every even unskilled ear to resolve a sound into
its simple partial tones; and eight years after Ohm's death completely
revolutionized acoustics and the theory of music by that classic work,
"The Science of the Perception of Sound," which is based on Ohm's
law.
In 1827, while Ohm was writing the appendix to his work, "The
Galvanic Battery," certain ideas in regard to the ultimate structure of
matter were forced upon him. ''There are properties of space filling
matter which we are accustomed to look upon as belonging to it.
There are other properties which heretofore we were inclined to look
upon as the visitors of matter which abide with it from time to time.
For these properties man has thought out causes if not foreign, at
least not innate, and they pass as immaterial and yet independent
things of nature, under the names of light, heat, electricity, etc. It
must be possible to so conceive the structure of physical bodies that
along with the properties of the first class, at the same time and necessarily those of the second shall be given." This thought appears to
have been suggested by his broadly designed plan of'' Contributions to
Molecular Physics." The recognition of the Royal Society gave him
new courage for the carrying out of this work, but unfortunately it
remains unfinished. His intention appears to have been, from certain
definite assumptions concerning the nature, form, size, and mode of action
of the atom, to deduce, by the aid of analytical mechanics, all the phenomena above referred to. He desired to create a work that should be
for the microcosm of the world of atoms, what Newton's "Principia "
had become for the microcosm of heavenly space. Only the first volume appeared. It was entitled" Elements of An:!tlytical Geometry of
Space on a System of Oblique Co-ordinates," and contained only the
mathematical introductin to the actual problem. A second volume was
to have contained "the dynamics of the structures of bodies," and a third
and fourth to be devoted to the physical investigation itself.
Toward the end of 1849, in the midst of eager worJ~ upon his great
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task, he was called to Munich as curator of the mathematical and
physical collection of the Royal Academy of Sciences. He was also to
be adviser of the ministerial director of telegraphs, and was obliged to
lecture on mathematics and physics as professo'r at the university.
Thus for the man of sixty the desire of his youth was tardily fulfilled, too
tardily and hence scarcely to the benefit of science. The manifold duties
of his new sphere of activity prevented the completion of his great
work, and robbed posterity of the legacy which Ohm had intended to
leave it from the rich treasures of his thoughts. However, it is by no
means true that this period at Munich was entirely without gain for
scifmce. Optics had always been a pet object of his activity. In 1840
in Poggendorff's Annalen, vol. XLIX, he published a" Descriptio:)). of some
simple and easily managed arrangements for making the experiment
of the interference of light." In it he showed how French interference
prisms which worked very well could be made from common plate glass;
indeed, how a simple strip from the edge of a piece of plate glass could
be used for the purpose. I111852 and1853 in Lis great work, "Explanation of all perceivable interference phenomena of plates of miaxial
crystals in plane-polarized light," he set himself the task of developing in a most general way than had been done, the theory of these
phenomena so rich in form and color. He arrived at a formula of great
simplicity and beauty, and which covered all the individual colors.
This work has many points in common with one by Prof. Sangberg
of Christiania, published complete in Norwegian in 1841, in the "Magazin for N aturvidenska.berne" (natural sciences), and abstracted in1842
in the first extra volume (Ergiinzungsband) of Poggendorff's Annalen.
The title of Sangberg's work was, "Analysis of the isochromatic curves
and the interference phenomena in combined miaxial crystals." Ohm
first learned of this work after the completion of his own, which was,
however, by no means rendered superfluous by Sangberg's. The phenomena of elliptical interference rings which had led Ohm to his investigation, had also been observed at the same time by Sangberg.
Among the causes which prevented Ohm from continuing and completing his molecular physics was the writing of a text-book of physics
for his students. In spite of the "aversion always felt to working out
a text-book," he still felt impelled to the work by having accepted the
position of instruetor. He accomplished the speedy completion of this
thoroughly original work by lithographing his lectures as fast as they
were delivered and giving copies to his classes. The strain caused by
so quick an aceomplishment of so difficult a task had a bad effect upon
his health, as he sadly acknowledges at the close of the preface of his
text-book (Easter, 1854). One other expression in the text of the book
dimly suggests his feeling that his strength was expended. As a result
·of repeated attacks of epilepsy, on July 6, 1854, he yielded up that life
which to its last breath was devoted to the search after truth.
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We have thus far striven to set forth in hasty outline what Ohm has
been to science, without mentioning more of the other circumstances of
his life than were necessary to an understanding of his scientific services. This has seemed permissible because, on the one hand, Lamont in
1855 delivered from this place an address which also covered the biographical points of h1s career. On the other hand, another member of
our academy, Privy Councilor von Bauernfeind, a pupil and friend of
the one immortalized, in his "Memorial address on Ohm, the physicist,"
has given us a complete presentation of the life of his teacher, drawn
from reliable sources and from personal acquaintance.
The deeds of a scientist are his scientific investigations. Truth once
discovered does not remain shut up in the study or the laboratory.
When the moment comes it bursts its narrow bonds and joins the quick
pulse of life. That which has been discovered in solitude, in the
unselfish struggle for knowledge, in pure love of science, is often
fated to be the mighty lever to advance the culture of our race. When
nearly a hundred years ago Galvani saw the frog's leg twitch under
the influence of two metals touching, who could have suspected that
the force of nature which caused those twitchings would transfer the
thoughts of man to far distant lands, wit"C. lightning's speed, under the
the waters of the ocean-would even render audible at a distance the
sound of the spoken word! That this force of nature-after man by
ceaseless investigation had learned to vastly increase its strengthwould illuminate our nights like the sun! This enormous development
of electro-technology, which w2 have followed with amazement in the
last decades, could only be accomplished upon the :firm foundation of
Ohm's law. For only he can govern a force of nature who has mastered
its law. Ohm by wresting from nature her long-concealed secret has
placed the scepter of this dominion in the hand of the present.
This great service of Ohm and the fundamental importance of his
law, as well for the science as for the technology of electricity, are to-day
generally recognized. In order permanently to honor his memory, the
international congress of electricians, assembled at Paris in 1881, determined to call "an ohm" the unit of resistance to conduction, then fixed
and now generally accepted, after the name of him who introduced this
important conception into the science and technology of electricity.
Thus it happens that the name of the modest scientist who never strove
for show or glory is to-day upon the livs of the thousands who are busy
in our highly developed electro-technical industries.
Although this ideal monument is the most beautiful and the most
lasting, yet the duty of gratitude seems to urge that posterity, which
has gathered the rich fruit of his industry as an investigator, should
also honor the memory of the great physicist with a visible monument.
This idea was suggested by the hundredth anniversary of Ohm's
birth, which we are to-day tardily celebrating. , In order to carry it
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out, a committee was formed for the erection of an Ohm statue in
Munich; the capital of his more particular fatherland, where in the
evening of his life~ after long waiting, he found a sphere of activity
worthy of himself.
Our suggestion found lively approval ~nd active furtherance not
only within the boundaries of the German Empire, but far out beyond.
Thus we may hope at no distant time there will arise in our capital a
worthy monument, a visible witness of the glory of our great country·
man, a witness also of the spontaneous gratitude of the nations.

JUSTUS

YON

LIEBIG.

AN AUTOBIOGRAPHICAL SKETCH . ._

Translated from the German, by Prof. J. CAMPBELL BROWN. t

My father; who had a color ware-house, frequently occupied himself
in making some of the colors in which he dealt, and for that purpose
had fitted up for himself a small laboratory to which I had access, and
where I sometimes enjoyed the privilege of helping him. He made his
experiments as prescribed in works upon chemistry, which were, with
great liberality, lent to the inhabitants of Darmstadt from the rich
court library.
The lively interest which I took in my father's labors naturally led
me to read the books which guided him in his experiments, and such a
passion for these books was gradually developed in me that I became
jndi:fferent to every other thing that ordinarily attracts children. Since
"Read at a joint meeting of societies in the chemical laboratories, University College, Liverpool, on 'Vednesday evening, March 18, 1891, by Prof. J. Campbell Brown,
D. Sc. (From The Chemical News, .June 5 and 12, 1891; vol. LXIII, pp. 265-267 and
276-278.)
t [At the recent celebration of the j nbilee of the Chemical Society, refereuec was
made to the wonderful energy and ability of Liebig; to the great work which he
dicl in founding organic chemistry, and to the immense stimulus which he gaYe,
alike in his own country and in England, to scientific investigation in pure chemistry
and in its applications to agriculture, physiology, and pathology.
Very opportunely a portion of an autobiographical sketch in Liebig's own handwriting has just come to light, in which he gives a most interesting account of the
format,i on of his habits of thought, and of the development of his scientific activity.
He also gives an amusing description of the lectures given in his student days by
professors of the deductive method.
In his sixtieth year, we are told, Liebig wrote some biographical sketches which
were laid aside and could not be found when he wished to resume them. They
were never finished. A portion of the manuscript was found among some other
papers in Liebig's handwriting, by his son, Dr. Georg Baron von Liebig, and has
been published by the latter in the Deutsche Rundscha1t for January, 1891. Mr. E.
K. Muspratt has been good enough to lend me a copy which he received from his
fi·iend, the present baron.
I have endeavored to render it into English as literally as the difference in the idioHJ
ancl modes of expression in the two l::tnguages will permit; and it is now made
public in England by tbe kind permission of the De1dBohe RttndBchatt.
His method of teaching ancl its remarkable success are worthy of attention at the
present time, when technical education is occupying so much of the public mind.)

H. 1\Iis. 334, pt. 1-17
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I did not fail to fetch the books from the court library myself, I became

acquainted with the librarian, Hess, who occupied himself successfully
with botany, and as he took a fancy to the little fellow, I got, through
him, all the book~ I could desire for my own use. Of course the readi11g of books went ou without any system. I read the books just as
they stood upon the shelves, whether from below upwards or from
right to left was all the same to me; my 14-year-old head was like an
ostrich stomach for their contents, and amongst them I found side by
side upon the shelves the thirty-two volumes of Macquer's "Chemical
Dictionary," Basil Valentine's "Triumphal Car of Antimony," Stahl's
"Phlogistic Chemistry," thousands of essays and treatises in Gottling's
. and Gehlen's periodicals, the works of Kirwan, Cavendish, etc.
I am quite sure that this manner of reading was of no p~rticular use
so far as acquisition of exact knowledge is concerned, but It developed
in me the faculty, which is peculiar to chemists more than to other
natural philosophers, of thinking in terms of phenomena; it is not very
easy to give a clear idea of phenomena to anyone who can not recall in
his imagination a mental picture of what he sees and hears,-like the
poet and artist, for example. Most closely akin is the peculiar power
of the musician, who while composing thinks in tones which are as
much connected by laws a~ the logically arranged conceptions in a
conclusion or serie:;; of conclusions. There is in the chemist a form of
thought by which all ideas become visible to the mind as the strains of
an imagined piece of music. This form of thought is developed in Faraday in the highest degree, whence it arises that to one who is not acquainted with this metllorl of thin king, his scientific works seem barren
and dry, and merely a series of researches strung together, while his
oral discourse when he teaches or explains is intellectual, elegant, and
of wonderful dearnesH.
The faculty of thinkiug- in pheuollleua can only be cultivated if the
mind i:-; eonstantly trained, aud thiH 'ira~ ('Jfected i11 my case by my endeavoring to perform, so far as my mean~ would allow me, all the experirnentH whose desCl·iption I road in the books. These weans were
very limited, and hence it arose that, iu order to satisfy my inclination,
I repeated such experiments as I was able to make, a counties:;; number
of times, until 1 ceased to see anything new in the process, or till I
knew thoroughly every aspect of the phenomenon which presented
itself. The natural consequence of this was the development of a
memory of the sense, that is to say of the sight, a clear perception of
the resemblances or differences of thing:;; or of phm10mena, which afterwards stood me in good stead.
One will easily understand this if one imagines, for instance, a white
or colored precipitate which is produced by mixing two liquids; it is
formed either at once or after some time, it is cloudy or of a curdy or
gelatinous character, sandy or crystalline, dull or bright, it deposits
easily or slowly, etc.; or if it is colored it has a certain tint. Amon~
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the countless white precipitates each has something peculiar to it~elf;
and when one has experience in this sort of appearances, whatever one
sees during an investigation at once awakens the remembrance of what
one has seen. The following example will make clear what I mean by
sight or eye memory. During our joint research on uric acid, Wohler
one day sent me a cryst?lline body which he had obtained by the action
of peroxide of lead upon this acid. I immediately thereupon wrote to
bini with great joy, and, without having analyzed the body, that it was
allantoin. Seven years before I had bad this body in my hands; it bad
been sent to me by C. Gmelin for investigation, and I bad published
an analysis of it in Poggendorff's Annalen; since that time I had not
seen it again. But when we had analyzed the substance obtained from
uric acid there appeared a difference in the amount of carbon, the new
body gave 1-2- per cent carbon less, and since the nitrogen had been
determined by the qualitative method a corresponding quantity (4 per
cent) of nitrogen more; consequently it could not possibly be allantoin.
However, I trusted my eye memory more than my analysis, and was
quite sure that it was a11antoin, and the thing now to be done was to
find the remains of the substance previously analyzed in order to
analyze it afresh. I could describe the little glass in which it was with
such precision that my assistant at last succeeded in picking it out from
amongst a couple of thousand other preparations. It looked exactly
like our new body, except that examination under the lens showed that
Gmelin, in the preparation of his allantoin, had purified it with animal
charcoal, some of which having passed through the paper in the filtration had become mixed with the crystals.
Without the complete conviction which I had that the two bodies
were identical, the allantoin produced artificially from uric acid would
undoubtedly have been regarded as a new body, and would have been
designated by a new name, and one of the most interesting relations
of uric acid to one of the constituents of the urine of the fmtus of
the cow would perhaps have remained for a long time unobserved.
In this manner it came to pass that everything I saw remained intentionally or unintentionally fixed in my memory with equal :photographic
fiuelity. At a neighboring soap boiler's I saw the process of boiling
soap, and learneu what ''curd soap" and ''fitting" are, and how white
soap is made; and I had no little pleasure when I succeeded in showing
a piece of soap of my own making, perfumed with oil of turpentine.
In the workshop of the tanner and dyer, the smith and brass founder,
I was at home and ready to do any hand's turn.
In the market at Darmstadt I watched how a peripatetic dealer in
odds and ends made fulminating silver for his pea-crackers. I observed
the red vapors which were formed when he dissolved his silver, and
that be added to it nitric acid; and then a liquid which smelled of
brandy, and with which he cle.a,necl dirty coat collars for the people.
With this bent of mind it is easy to understand that my position at
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school was very deplorable; I had no ear memory, and retained nothing
or very little of what is learned through this sense; I found myself in
the most uncomfortable position in which a boy could possibly be;
languages and everything that is acquired by their means, that gains
praise and honor in the school were out of my reach; and when the
venerable rector of the gynmasium (Zimmerma;nn), on one occasion of
his examination of my class, came to me and made a most cutting
remonstrance with me for my want of diligence, how I was the plague
of my teachers and the sorrow of my parents, and what did I think
was to become of me, and when I answered him that I would be a
chemist, the whole school and the good old man himself broke into an
uncontrollable fit of laughter, for uo one at the time had any idea that
chemistry was a thing that could be studied.
Since the ordinary career of a gymnasium student was not opeu to
me, my father took me to an apothecary at Heppenhcim, in the Hessian
Bergstrasse; but at the end of ten months he was so tired of me that
he sent me home again to my father. I wished to be a chemist, but
not a druggist. The ten months sufficed to make me completely
acquainted alike with the use and the manifold applications of the
thousand and one different things which are fouud iu a druggist's
shop.
Left to myself in this way, without advice aud direction, I completed
my sixteenth year, and my persistent importunity at last induced my
father to give me permission to go to the University of Bonn; whence
I followed to Erlangen the professor of chemistry, K3Jstner, who had
been called to the Bavarian University. There arose at that time at
the newly-established University of Bonn an extraordinary quickening
of ccientific life~ but the degenerate philosophical methods of investigation, as they had been embodied in Okeu, and still worse in Wilbrand, bad a most pernicious influence on the branches of natural
science, for it had led alike in lecture and in study to a want of appreciation of experiment and of unprejudiced observation of na,t ure, which
was ruinous to many talented young men.
From the professional chall' the pupil received an abundance of
ingenious contemplations; but, bodiless as they were, nothing could be
ma<le of them.
The lectures of Kastner, who was considered a most eminent chemist, were without order, illogical, and arranged just like the jumble of
knowledge which I carried about in my head. The relations which he
discovered between phenomena were somewhat after the following
pattern:
"The influence of the moon upon the rain is clear, for as soon as the
moon is visible the thunder-storm ceases," or "the influence of the
sun's rays on water is shown by the rise of the water in the shafts of
mines, some of which can not be worked in the height of summer."
That we see the moon when the thunderstorm is dispelled, and that -
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the water rises in the mine when the brooks which drive the pumps
dry up in summer, was, of course, too blunt au explanation for a clever
lecture.
It was then a very wretched time for chemistry in Germany. At most
of the universities there was no special chair for chemistry; it was generally handed over to the professor of medicine, who taught it, as much
as he knew of it, and that was little enough, along with the branches
of toxicology, pharmacology, materia medica, practical medicine, and
pharmacy.
Many years after this in Giessen, descriptive aud comparative anatomy, physiology, zoology, natural history, and botany were in one
single hand.
While the labors of the great Swedish chemist, the English and
French natural philosophers, Humphr.Y Davy, Wollaston, Biot, Arago,
Fresnel, 'rhenard, and Dulong opened up entirely new spherer.:; of investigation, all these inestimable acquisitions found no soil in Germany
where they could bear fruit. Long years of war had undermined the
well-being of the people, and external political pressure had brought
in its train the desolation of our universities, filled men with painful
anxiety for many years, and turned their desires and their strength in
other directions. The national spirit had asserted its freedom and
independence in ideal spheres, and by the destruction of belief in
authority had brought rich blessings in many ways,-for example, in
medicine and philosophy; only in physiology it had broken through
its natural limits and wandered far beyond experience.
The goal of science and the fact that it has value only when it is useful to life had almost dropped out of sight, and men amused themselves
in an ideal world which had no connection with the real one. It was
considered an almost debasing sentiment, and one unworthy of an educated person, to believe that in the body of a living being the crude and
vulgar inorganic forces played any part. Life and all its manifestations and conditions were perfectly clear. Natural phenomena were
clothed in bewitchingly lovely dress, cut out and fitted by clever men,
and this was called philosophical investigation. Experimental instruction in chemistry was all but extinct at the universities, and only the
highly-educated pharmacists, Klaproth, Hermbstadt, Valentin Rose,
Trommsdorff, and Buchholz had themselves preserved it, but in another
department.
I remember at a much later period, Prof. Wurzer, who held the chair
of chemistry at Marburg, showing me a wooden table drawer, which
had the property of producing quicksilver every three months. He
possessed an apparatus which mainly consisted of a long clay pipe
stem, with which he converted oxygen into nitrogen by making the
porous pipe stem red hot in charcoal, and 1_1assing oxygen through it.
Ohemicallabvratories, in which instruction in chemical analysis was
imparted, existed nowhere at that time. What pas~ed by that name
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were more like kitchens filled with all sorts of furnaces and utensils for
the canying· out of metallurgical or pharmaceutical processes. No one
really understood how to teach it.
I afterwards followeu Kastner to Erlangeu, where he had promised
to analyze some minerals with me; but unfortunately he did uot him·
self know how to do it, and l1e never carried out a single analysis
with me.
The benefit which I gained through intercourse with other students
during my sojourn in Bonn and Erlangen was the discovery of my
ignorance in very many subjects which they brought with them from
school to the university, and since I got nothing to do in chemistry I
laid out all my energies to make up for my previously neglected school
studies.
In Bonn and Erlangen small numbers of stud~uts join,ed with me in
a chemico-physical union, in which every member in turn had to read a
paper on the question of the day, which, of course, consisted merely in
a report on the subjects of the essays which appeared monthly in Gilbert's A.nnctlen and Schweigger's Journal.
In Erlangen, Schelling's lectures attracted me for a time, but Schelling possessed no tlwrough knowledge in the province of natural science,
and the dressing up of natural phenomena with analogies and in images,
which was called exposition, did not suit me.
I returned to Darmstadt fully persuaded that I could not attain my
ends in Germany.
The dissertations of Berzelius-that is to say, the better translation
of his handbook, which had a large circulation at that time-were as
springs in the desert.
Mitscherlich, H. Rose, Wohler, and Magnus had then repaired to Berzelius, in Stockholm; but Paris offered me means of instruction in many
other branches of natural science, as, for instance, physics, such as could
be found united in no other place. I made up my mind to go to Paris.
I was then seventeen and a-half years old. My journey to Paris, the way
and manner in which I came in contact with Thenard, Humboldt,
Dulong, and with Gay-Lussac, and how the boy found favor in the sight
of those men, borders on the fabulous, and would be out of place here.
Since then it has frequently been my experience that marked talent
awakens in all men, I believe 1 may say without exception, an irrepressible desire to bring about its development. Each helps in his own
way, and all together as if they were acting in concert; but talent only
corp_pels success if it is united with a firm indomitable will. External
hindrances to its development are in most cases very much less than
those which lie in men themselves; for just as no one of the forces of
nature, however mighty it may be, ever produces an effect by itself
alone, but always only in conjunction with other forces, so a man can
only make valuable that which he learns without trouble, or acquires
readily, for which as we say, he has a natural gift, if he learns
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many other thing-s in addition, which perhapR eost him more trouble
t<l) a.equire, than they coHt other people.
LesHing ~o;ays that talent really iH will alHl work, awl T ar11 very mrwh
inclined to agree with him.
The lectures of Gay-Lussac, Thenard, Dulong, (~tc., in the Sorbonne,
had for me an indescribable charm; the introduction of astronomical or
mathematical method into chemistry, which changes every problem when
possible into an equation, and assumes in every uniform seq nence of two
phenomena a quite certain connection of cause and effect, which, after
it has been searched for and discovererl., is called "explanation" or
"theory," had led the French chemists and physicists to their great
discoveries. This kind of" theory" or ''explanation" was as good as
unknown in Germany, for by these expressions was understood not
something" experienced," but always something which man must add
on, and_which he fabricates.
French exposition has, through the genius of the language, a logical
clearness in the treatment of scientific subjects very difficult of attainment in other languages, whereby Thenard and Gay-Lussac acquired
a mastery in experimental demonstration. The lecture consisted of a
judiciously arranged succession of phenomena,-that is to sar, of experiments, whose connection was completed by oral explanations. The
experiments were a real delight to me, for they spoke to me in alanguage I understood, and they united with the lecture in giving definite
connection to the mass of shapeless facts which lay mixed up iu my
head without order or arrangement. The anti-phlogistic or French
chemistry bad, it is true, brought the history of chemistry before Lavoisier t.o the guillotine; but one observed that the knife only fell on the
shadow 7 au<l I was much more familiar with the phlogistic writings of
Cavendish, Watt, Priestly, Kirwan, Black, Scheele, and Bergmann,
than with the anti-phlogistic; and what was represented in the Paris
lectures as new an<l original facts appeared to me to be in the closest
relation to previous facts, so much so, indeed, that when the latter were
imagined away the others could not be.
I recognized or (more correctly perhaps), the consciousness dawned
upon me, that a connection in accordance with fixed laws exists not
only between two or three, but between all chemical phenomena in the
mineral, vegetable, and animal kingdoms; that no one stands alone,
but each being always linked with another, and this again with another,
aud so on, all are connected with each other, and that the genesis and
disappearance of things is an undulatory motion in an orbit.
What impressed me most in the French lectures was their intrinsic
truth, and the careful avoidance of all pretense in the explanations; it
was the most complete contrast to the German lectures, in which the
whole scientific teaching had lm;t its solid construction through the
preponderance of the deductive method.
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An accidental occurrence drew A. von Humboldt's attention to me in
Paris, and the interest which he took in me induced Gay-Lussac to complete in conjunction with me a piece of work which I had begun.
In this manner I had the good fortune to enjoy the closest intercourse with the great natural philosopher; he worked with me as he
had formerly worked with The nard; and I can well say that the foundation of all my later work and of my whole course was laid in his laboratory. in the arsenal.
I returned to Germany, where, through the school of Berzelius, H.
Rose, Mitscherlich, Magnus, and Wohler, a great revolution in inor- ,
ganic chemistry had already commenced. Through the support of von
Humboldt's warm recommendation, an extraordinary professorship of
chemistry at Giessen was conferred upon me in m:y twenty:first year.
My career in Giessen commenced in May, 1824. I always recall with
pleasure the twenty-eight years which I spent there; it was as if Providence had led me to the little university. At a larger university, or
in a larger place, my energies would have been divided and dissipated,
and it would have been much more difficult, and perhaps impossible,
to reach the goal at which 1 aimed, bnt at Giessen everything was concentrated in work, and in this I took p<.tssionate pleasure.
The need for an institution in which the students could be instructed
in the art of chemistry, by which I mean familiarity with chemical analytical operations, and skill in the use of apparatus, was then being felt;
and hence it happened that on the opening ofmy laboratory for teaching analytical chemistry and the methods of chemical re~earch, students
by degrees streamed to it from all sides. As the numbers increased I
had the greatest difficulty with the practical teachings itself. In order
to teach a large number at one time it was necessary to have a systematic plan, or step by step method, which had first to be thought out
and put to the proof.
The manuals which several of my 1)upils have published later (Fresenius and Will) contain essentially, with little deviation, the course
which was followed at Giessen; it is now famHiar in almost every laboratory.
The production of chemical preparations was au object to which I
paid very particular attention; it is very much more important than is
usually believed, and one can more frequently find men who can make
very good analyses than such as are in a position to produce a pure
preparation in the most judicious way. The formation of a preparation
is an art, and at the same time a qualitative analysis, and there is no
other way of making one's self acquainted with the various chemical
properties of a body than by first producing it out of the raw material
and then converting it into its numerous compounds aiul so becoming
acquainted with them.
By ordinary analysis one does not learn by experience what an
important means of separation crystallization is in skillful hands; and
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just as little the value of an acquaintance with the peculiarities of different solventH. Consider only au extract of a plant or of :flesh which
contains half a dozen crystalline bodies in very small quantities embedded in extraneous matter, which almost entirely masks the properties
of the others; and yet, in this magma, we can recognize by means of
chemical reactions the peculiarities of every single body in the mixed
mass, and learn to distinguish what is a product of decomposition and
what is not, in order to be able to separate them afterwards by means
which will exert no decomposing influence. An example of the great
difficulty of finding the right way in such researches is afforded by the
analysis of bile by Berzelius. Of all the numerous substances which
he has described as its constituents no one is, properly speaking, contained in the natural bile.
An extremely short time had been sufficient for the famous pupils of
the Swedish master to give a wonderful degree of perfection to mineral
analysis which depends on an accurate knowledge of the properties of
inorganic bodies; their compounds and their behavior to each other
were studied in all directions by the Swedish school with a keenness
quite unusual previously and even now unsurpassed. Physical chemistry, which investigates the uniform relations between physical properties and chemical composition, had already gained a firm fouudation
by the discoveries of Gay-Lussac and von Humboldt, on the combining
proportions of bodies in the gaseous state, and those of Mitscherlich,
on the relatil)nS between crystalline form and chemical composition;
and in chemical proportions the structure appeared to have received its
coping·-stones and to stand forth completed. All that foreign countries
had acquired in bygone times in the way of discoveries now yielded
rich fruit also in Germany.
Organic chemistry-or what is now called organic chemistry-had then
no existence. It is true that Thenard and Gay-Lussac, Berzelius,
Prout, and Dobereiner had already laid the foundations of organic
analysis, but even the great investigations of Chevreul upon the fatty
bodies excited but little attention for many years. Inorganic chemistry
demanded too nmc1t attention, and, iu fact, monopolized the beRt energies.
The beut which I acquired in Paris was in a quite different direction.
Through the work which Gay-Lussac had done with me upon fulminating silver I was familiar with organic analysis, and I very soon saw
that all progress in organic chemistry dependetl essentially upon its
simplitica,t ion; for in this branch of chemistry one has to do not
with different elements which ean be recognized by their peculiar properties, but always with the same elements whose relative proportions
and arrangement determine the properties of organic compounds.
In organic chemistry au analysis is necessary to do that for which a
reaction suffices in inorganic chemistry.

266

.JUSTUS VON LIERIG.

The first years of my career in Giessen I. devoted almm;t exclusively
to the improvement of the methods of organie analysis, and the immrdiate result was that there began at this little nniversity an activity
which had never before beeu seen.
For the solution of innumerable questions connected with plants and
auim;:tls, on their constituents, and on the reactions accompanying their
transforma·tion in the organism, a kindly fate brought together the most
talented young men from all the countries of Europe, and any one can
imagine what an abundance of facts and experiences I gained from so
many thousands of experiments and analyses, which were carried out
every year, and for so many years, by twenty and more indefatigable and
skilled young chemists.
Actual teaching in the laboratory, of which practiced assistants took
charge, was only for the beginners; the progress of my special students
depended on themselves. I gave the task and supervised the carrying
out of it, as the radii of a circle have all their commo-n center. There
was no actual instruction; I received from each individual every morning a report upon what he had done on the previous day, as well as his
views on what he was engaged upou. I approved or made my criticisms. Every one was obliged to follow his own course. In the assoeiation and con~tant intercourse with each other, and by each participating in the work of all, every one learned from the others. Twice a
week, in winter, I gave a sort ofreviewofthemostimportantquestions
of the day; it was mainly a report on my own and their work combined
with the researches of other chemists.
We worked from break of day till nightfall. Dissipations and amusements were uot to be had at Giesseu. The only complaint, which was
continually repeated, was that of the attendant (Aubel), who could not
get the workers out of the laboratory in the evening, when he wanted
to clean it.
The remembrance of this sojourn at Giessen awakened in most of my
pupils, as I have frequently beard, an agreeable sen se of satisfaction
for well-spent time.
I had the great good fortune, from the commencement of my career
at Giessen, to gain a friend of similar tastes and similar aims, wjth
whom, after so many years, I am still knit in the bonds of warmest
affeetion.
While in me the predominating inclination was to seek out the points
of resemblance in the behavior of bodies or their compounds, he posRessed an unparalleled faculty of perceiving their differences. A keenness of observation was combined in him with an artistic dexterity,
and an ingeniousness in discovering new means and methods of research
or analysis ·such as few men possess.
The achievement of our joint work upon uric acid and oil of bitter
almonds has frequently been praised; it was his work. I ean not sufficiently highly estimate the ad vantage which the association with Wohler
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brought to me in the attainment of my own as well as our mutual aims,
for by that association were united the peculiarities of t\vo schoolsthe good that was in each became effective by co-operation. Without envy and without jealousy, hand in hand, we pursued our way;
when the one needed help, the other waH ready. Some idea of this
relationship may be obtained if I mention that many of our smaller
pieces of work which bear our joint names were done by one alone;
they were charming little gifts which one presented to the other.
After sixteen years of the most laborious activity I collected the
results gained, so far as they related to plants and animals, in my
"Chemistry Applied to Agriculture and Physiology," two years later
in my "Animal Chemistry," and the researches made in other directions
in my" Chemical Letters.'' The last-mentioned was generally received
as a popular work, which, to those who study it more elosely, it really
is not, or was not at the time when it appeared.
Mistakes were made, not in the facts, but in the deductions about
organic reactions; we were the first pioneers in unknown regions, and
the difficulties in the way of keeping on the right path were sometimes
insuperable.
Now, when the paths of research are beaten roads, it is a much easier
matter; but all the wonderful discoveries which recent times have
brought forth were then our own dreams, whose realization we surely
and without doubt anticipated.

Here the manuscript ends, and it is to be hoped that more of it will yet be found.
Liebig's reference to ·w ohler is very touching, and shows a side of his character
w b.ich all his pupils knew well; they tell many genial stories illustrating his unselfishness and kindness of heart. One could have wished that he had not considered
the stories ''bordering on the fabulous," of how he "found favor in the sight of
Humboldt, Gay-I.,ussac, ancl Thenard, out of place here." They would have been
far from out of place. Mr. Muspratt supplies one of these stories as he heard it
from Liebig's own lips, in the Munich Laboratory, as follows:

Liebig frequently spoke, in most grateful ~erms, of the kind manner
in which he-a youth barely eighteen-was received by Gay-Lussac,
Thenard, and other eminent chemists, in Paris.
In the summer of 1823 he gave an account of his analysis of fulminating silver before the Academy. Having finished his paper, as he was
packing up his preparations, a gentleman came up to him and questione<l him as to his studies and future plans, and aiter a most exacting examination, ended by asking him to dinner on the following Sun<lay. liebig accepted the invitation, but, through nervousness and
confusion, forgot to ask the name and address of his interviewP-r. Sunday came, and poor Liebig was in despair at not being able to keep his
engagement.
The next day a friend came to him, and said,'' What on earth did
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you mean by not coming to dine with von Humboldt yesterday, who
had invited Gay-Lussac and other chemists to meet you~" "I was
thunderstruck," said Liebig, "and rushed off, as fast as I could run, to
von Humboldt's lodgings, and made the best excuses I could." The
great traveller, satisfied with the explanation, told him it was unfortunate, as he had several members of the Academy at his house to meet
him, but thought he could make it all right if he would come to dinner
next Sunday. He went, and there made the acquaintance of GayLussac, who was so struck with the genius and enthusiasm of the youth
that he took him into his private laboratory, and continued, in conjunction with him, the investigation of the fulminating compounds.

DIVERGENT EVOLUTION THROUGH CUMULATIVE SEGRE'
GATION.*

By Rev.

JoHN THOMAS GuLICK •

.

INTRODUCTION.

In my study of Sandwich Island terrestrial mollusks, my attention
was early arrested by the fact that wide diversity of allied species
occurs within the limits of a single island and in districts which present ess~ntiaUy the same environment. As my observations extended
I became more and more impressed with the improbability that these
divergences had been caused by differences iu the environment. It
was not easy to prove that sexual selection had 110 influence; but,
owing to the very low grade of intelligence possessed by the creatures,
it seemed impossible that the form and coloring of the shells should be
the result of any such process. I was therefore led to search for some
other cause of divergent transformation, the diversity of whose action
is not dependent on differences in nature external to the organism.
I found strong proof that there must be some such principle, not
only in the many examples of divergence under uniform activities in
the environment, but in the fact that the degrees of divergence between
nearly allied forms are roughly measured by the number of miles by
which they are separated, and in the fact that this correspondence
between the ratios of distance and the ratios of divergence is not per.
ceptibly disturbed by passing over the crest of the island into a region
where the rainfall is much heavier, and still further in the fact that the
average size of the areas occupied by the species of any group varies,
as we pass from group to group, according as the habits of the group
are more or less favorable to migration. I perceived that these facts
could all be harmonized by assuming that there is some cause of divergence more constant and potent than differences in nature exterHal to
the organism, and that the influence of this cause was roughly measured by the time and degree of separation.
During the summer of 1872, I r)repared two. papers, in which these
facts and opinions were presented. One of theRe, entitled ''The Vari" [Read December 15, 1887.] From Th e Journal of Zoology of the Linnean Society,
September, 1888, vol. xx, pp. 189-274.
269

270

DIVERGENT EVOLUTION THROUGH SEGREGATION.

ation of Species as Related to their Geographical Distribution, illustrated by the Achatinellin::e," was published in Nature for July 18, 1872;
the other, entitled "Diversity of Evolution under One Set of External
Conditions," after being read before the British Association for the
Advancement of Science in August, 1872, was, through the kindness
of Mr. Alfred Wallace, brought before the Linnean Society, and was
finally published in the Linnean Society's Jom·nal, Zoology, vo1. xr, pp.
496-505.
In the former paper I used the following words in caUing attention
to the impossibility of explaining the origin and distribution of these
forms by natural selection: ''Whether we call the different forms
species or varieties, the same questions are suggested as to how they
have arisen and as to how they have been distributed in their several
localities. In answering these quedions, we find it difficult to point to
any of those active causes of accumulated variation, classed by Darwin
as natural selection.
There is no reason to doubt that some
varieties less fitted to survive have disappeared; but it does 110t follow that the 'survival of the :fittest' (those best fitted when compared
with those dying prematurely, but equally fitted when compared with
each other) is the determining cause which has led to these three
species being separated from each other in adjoining valleys. The' survival of the fittest' still leaves a problern concerning the distribution of those
equally .fitted. It can not be shown that the 'survival of the fittest' is
at variance with the survival, under one set of external circumstances,
of varieties differing more and more widely from each other in each
successive generation. The catle of the species under consideration
does 11ot seem to be one in which differenee of environment has been
the occasion of different forms being preserved in the different localities- It is rather one in which varieties resulting from some oth(•r
cause, though equally fitted to survive in each of the localities, have
been distributed according to their affinities in separate localities."
In the latter paper I raised the following questions concerning nat
ural selection. "The terms ' natural selection' and 'survival of the
:fittest'
- imply that there are variations that may be accumulated according to the differing demands of external condition~.
What, then, is the effect of these variations when the external conditions remain the same? Or can it be shown that there is HO change in
organisms that is not the result of change in external conditions?
Again, if the initiation of change in the organism is through change in
the environment,
- does the change e.Tpend itself" in producing
frorn each species just one new species completely fitted to the conditions,
or rna.y U prod~we from one stock rnany that are equally .fitted?" (p. 497).
In answering these questions I ealleu " attention to the variation and
distribution of terrestrial mollusks, more especially those found vn the
Sandwich Islands," and gave what seemed to me strong reasons for
believing that ''the evolution of these d(tferent forrns can not be attrib-
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uted to difference in their external conditions. - If we would
account for the difference and the limited distribution of these allied
forms on the hypothesis of evolution from one original species, it ~eems
to me necessary to suppose two conditions, separation and variation. I
regard separation as a condition of the species and not of surrounding
nature, because it is a state of division in the stock which does not
necessarily imply any external barriers, or e'l/en the occupation of separate
districts. This may be illustrated by the separation between the castes of
India, or between different genera occupying the same locality. - We must suppose that they [the diverging forms] must possess an inherent tendency to variation so strong that all that is necessary to secure
a divergence of types in the descendants of one stock is to prevent, through
a series of generations, their intermingling with each other to any great
degree" (pp. 498, 499). I also called attention to the fact that some
forms of natural selection must "prevent variation and give a wider
diffusion to forms that would otherwise be limited in their range and
variable in their type. Natural selection is as efficient in producing
permanence of type in some cases as in accelerating variation in other
cases" (p. 504). On page 499 I pointed out the law that '"the area
occupied by any species must vary directly as its power and opportunity
for migration, and inversely as its power of [divergent] variation."
.And on page 505 I gave a brief summary of my reasons for believing
that'' separation without a d{fference of external circumstances is a conclition sufficient to ensure - - - divm·gence in type."
Subsequent investigation has led to the development of my theory,
with a fuller discussion of the causes and laws that are revealed in
these phenomena. In an article published in The Chrysanthemum
(Yokohama and London, Triibner & Co.), January, 1883, I state my
belief ''that the quality, the diversity, and the rapidity of the variation depend chiefly upon the nature of the organism; and that while
the nature of the external conditions has power to winnow out whatever forms are least fitted to survive, there will us~tally remctin a number
of ,varieties equally fitted to s~trvivej and that thro~tgh the law of segregcttion constantly operating in species distributed over considerable
areas, these var,ieties continue to d'iverge both in form and in habits till
separate species are fully established, though the conditions are the
same throughout the whole area occupied by the diverging forms."
The conclusion reached was that "The th6ory that diversity of natural selection is, like variation, an essential factor in producing diversity
of species, is untenable. On the contrary, we find that diversity of
natural selection is not necessary to diversity of evolution, nor uniformity of natural selection to uniformity of evolution; but while
variation and separation are the essential factors in diversity, and intercrossing and unity of descent the es~ential agents in uniformity of
evolution, natural selection may be an important ally on either side."
In an article on " Evolution in the Organic World," published in
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The Chinese Recorder (Shanghai), July, 1885, I use the following language: "We see~what natural selection can not explain by considering
the nature of the process. The survival of the fittest results in the
separate breeding of the fittest, and therefore in the increasing fitness
of successive generations of survivors; but how can it account for the
dit,ision of the s~trvivors of one stock, occ·upying one country, into foi'ms
differing more and more widely jr01n ea.ch other? To explain such a result
we m·ust find some other law. I an~ prepared to show that there is s~wh a
law aris·ing out of the 1'ery nature of organic activities, a law of segregcttion, bringing together those similarly endowed and separating them .from
those d·~fferently endowed."
Without variation there can be no segregate breeding; and without segregate breeding and heredity there can be no accumulation of
divergent variations resulting in the formation of races and species.
In producing divergent evolution the causes of variation and heredity
are therefore as important as the causes of segregate breeding; and
though I pass them by in my present discussion, I trust it will not be
attributed to an under-estimate of their importance. Though I do not
stop to discuss the causes of variation, my reasoning rests on the
· observed fact that in every deparment of the organic world variation
is found, and that in the vast majority of cases, if not absolutely in all,
the diversities to which any freely inter-generating group of organisms
is subject follow the general law of'' frequency of deviation from an
average." As this is a law according to which half of the members of
the ir{ter-generating group are above and half below the average in relation to any character, there must often occur simultaneous variation of
several individuals in some character which tends to produce segregate
breeding. The reality and importance of this law is not at all dependent on the reality of any of the theories of heredity and variation that
are now being discussed. Whatever may be the causes that produce
variation, whether they depend entirely upon changes in external conditions or are chiefly due to changing activities in the organism and
the hereditary effects of acquired characters, or are (as Weismann maintains) the direct result of sexual reproduction which never transmits
acquired characters-in any and every case this law of deviation from
an average remains undisturbed and is recognized as an important factor in the present paper. It therefore can not be urged that the theory
here advanced assumes simultaneous variation without any ground for
making such an assumption; nor can it be said that it rests on the
incredible assumption that chance variation of very rare kinds 'idll be
duplicated at one time and place and will represent both sexes.
Moritz Wagner first discussed what he calls ~'The law of the migration of organisms," in a paper read before the Royal Academy of
Sciences at Munich, in March, 1868; but my attention was not called
to it till after the reading of my paper before the British Association
in August, 1872. In a fuller paper entitled " The Darwinian Theory
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and the Law of the Migration of Organisms," an English translation
of which was published by Ed ward Stanford (London, 1873), the same
author maintains that "the constant tendency of individuals to wander
from the station of their species is absolutely necessary for tlle formation of races and species" (p. 4). "The migration of organisms and
their colonization are, according to my conviction, a necessary condition of natural selection" (p. 5). On pages 66 and 67 he expandH
the same statement, and objects to Darwin's view "that on many large
tracts all individuals of the same species have become gradually
changed." Again, he contends that "transformation is everywhere
and always dependent on isolation in order to have lasting eftect.
Without separation from the home of the species, this wonderful
capacity would be completely neutralized" (p. 74). ''Natural selection
is not in itself an unconditional necessity, but is dependent on migration and geographical isolation during a long period, together with
altered conditions of life" (p. 57). "Where there is no migration, that
is, where no isolated colony is founded, natural selection can not take
place" (p. 59).
A comparison of his paper with my two papers published in 1872,
already referred to, will show several fundamental differences in the
two theories. He maintains that(1) The separation of a few individuals from the rest of the species is
absolutely necessary for the operation of natural selection, and therefore for any transformation of the species, no matter how great the
change of conditions may be in the original home of the species.
(2) Migration and geographical barriers are the only effectual
causes, independent of human action, by which a few individuals can
be separated from the rest of the species, and are therefore necessary
to the transformation of species.
(3) Exposure to a new form of natural selection is a necessary condition for any transformation of a species.
(4) Difference of external conditions is necessary to difference of
natural selection, and therefore necessary to any transformation of
species.
(5) Geographical isolation and altered conditions of life are necessary
conditions for natural selection, as that is for the modification of species.
(6) The separation of which be speaks is the entering of a few individuals into a new territory, where the conditions are difl'erent fi'om
those in the old habitat, and where the body of the species fail of reaching them.
My chief positions were the following, in strong contrast with the foregoing(1) Separate generation is a necessary condition for divergent evolution, but not for tile transformation of all the survivors of a species in
one way.
H. Mis. 334, pt. 1--18
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(2) "Separation does not necessarily imply any external barriers, or
even the occupation of separate districts."
(3) Diversity of natural selection is not necessary to diversity of
evolution.
(4) Difference of external conditions is not uecm;sary to diversity of
evolution.
(5) "Separation and variation," that h;, variation not overwhelmed
by crossing, "is all tl1at is necessary to secure a divergence of types in
the descendants of one stock," though external conditions remain the
same, and though the separation is other than geological.
(G) The separation of which I speak is anything, in the species or in
the environment, tha~ divides the species into two or more sections
that do not freely inter-cross, whether the different sections remain in
the original home or enter new and dissimilar environments.
Though these propositions were very briefly and imperfectly presented, I am not aware that any better statement of the facts of segregation had been previously published.
The present paper is the result of a long-continued endeavor to understand the relations in which this faetor stands to natural selection
and the other causes that co-operate in producing divergent evolution;
and though my work has been done under the great disadvantage of
entire separation from libraries and from other workers in similar lines,
I trust it may contribute something towards the elucidation of the subject. In expanding my tl1eory I have been unable to make any usc of
the positions taken in Moritz Wagner's paper, as they seem to me very
extreme and far removed from the facts of nature. The two theories
correspond chiefly in that they discuss the relation of separation to the
transformation of species, while the explanations given of the nature,
causes, and effects of separation widely differ. I am informed that my
paper on ~'Diversity of evolution under one set of external conditions"
was translated and circulated in Germany; but whether it had any
effect in modifying Wagner's theory I have not the means of knowing.
I have recently discovered that the principle of segregate breeding,
which I have found to be of such importance in the evolution of species,
is allied to the law of segregation propounded by Spencer in his "First
Principles." By direct consideration of the conditions that have been
found necessary for the development of divergent races of domestic
plants and animals I have discovered segregate breeding as a necessary condition for divergent evolution, and by direct observation on the
propagation of plants and animals under natural conditions I have discovered cumulative segr-egation as a constant result from certain forms
of activity in the organism when dealing with a complex environment.
It is therefore with special pleasure that I observe that a law of very similar import may be derived by a wholly different method from the ge11eral
laws of action and reaction in the physical world. It should, however,
be noticed that in the brief references made to the subject in Spencer's
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"Principles of Biology"* it is assumed that "increasingly definite distinctions among variations are produced whereyer there occur definitelydistinguished sets of conditions to which the varieties are respectively
subject," and only where these occur; for "Vital actions remain constant so long as the external actions to which they correspond remain
constant"; and no reference is anywhere made to the prineiplethatwhatever causes sexual separation between dissimilar members of one family,
race, or species tends not only to perpetuate, but to increase their dissimilarity in the succeeding generations. The view maintained in the
following paper is I believe in better accord with the fundamental principle that" Unlike units of an aggregate are sorted into their kinds and
parted when uniformly subject to the same incident forces,"t as is also
the teaching of Spencer's "Principles of Biology," in one passage; for I
have recently discovered that in a single paragraph of this work it is
maintained that while exposed to the same external conditions, the
members of the same species may be increasingly differentiated, "until
at length the divergence of constitutions and modes of life become great
enough to lead to segregation of the varieties."+ If the segregation had
been introduced as a necessary condition without which the divergence
of families and races could not take place, the position taken in this
paragraph would have been essentially the same as the one I have
adopted. In the next section, however, he ahanctons the position, using
the following words: "Through the process ot differentiation and integration, which of necessity brings together, or keeps together, like inclividuals, and separates unlike ones from them, there must nevertheless
be ma'intained a tolerably uniform species, so long as there cont'inues a
tolerably uniform set of conditions in u·hich it may exist. [The italics are
mine.]
I trust my endeavor to contribute something toward the development
of the theory of divergent evolution will not be attributed to any lack
of appreciation of what has already been accomplished. The })ropounders of a doctrine which has profoundly influenced every department of modern thought need no praise from me; but as their theory is
confessedly incomplete, and as one of the leaders in the movement has
called attention to the need of are-discussion of the fundamental factors
of evolution, I o:fl'er my suggestions and amendments after prolonged
and careful study.
PHYSIOLOGICAL SELECTION AND SEGREGATE FECUNDITY.

The abstract of Mr. Romanes's paper on "Physiological selection,"
given in Nature August 5, 12, and 19, 1886, did not come into my hands
till the following January, when my theory of divergent evolution
through cumulative segregation, which had been gradually developing
*Compare

~~

91, 156, 169, 170

t See Spt=mcer's "First Principles", § 166, near t,be end; also a fuller statement in
§ 169.
:j: See ibid., § 90.
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since the publication of my -paper on ':Diversity of evolution under
one set of external conditions, " was for the most part written out in
its present form. Since then, and with reference to the discussion on
physiological selection, I have worked out the algepraic formulas given
iu the last chapter, and have introduced explanations of the same; but
at the same time I have removed several chapters in which the principle
of selection was discussed at length, and have endeavored to bring the
whole within a compass that would allow of itR being published by some
scientific society. In order to attain this end, I reserve for another
occasion a discussion of the principles of intensive segregation, under
whicll name I class the different ways in which other principles combine with segregation in producing divergent evolution.
It was my intention to bring together examples of the different forms
of Segregation discussed, that they might be published with the theoretical part; but the large number of pages found necessary for even
the briefest presentation of the principles involved, and· the fact that
Mr. Romanes's paver has appeared relating to some of thP. same problems, leads me to present the results of my studies without further
delay. The facts on which large portions of my tlleory rest are of the
most familiar kind, and no additional light would be gained though
their numbers were multiplied a hundredfold. Indeed, one of the
marked features of my theory is that in its chief outlines it rests on
facts that are universally acknowledged. The aim of the theory is to
show the connection of these facts with divergent evolution.
Though many divergencies appear iu our method of treating the subject, tbe fundamental theory uuderlyiug my segregate fecundity and
l\fr. Romanes's Physiological Selection seems to be very similar, if not
tbe same. The most important difi'erences I have noticed are, ( t) that he
seems to regard mutual sterility as sufficient to account for the separate
propagation of species and varieties thus characterized, without calling
in the aid of any other form of segregation, while I regard it as a nega,ti ve form of segregation that would result in the general destruction
of all life if not associated with what I call positive forms of segregation; and (2) that he maintains that "Physiological selection is almost
exclusively a theory of the origin of species, seeing that it can but
very rarely have had anything to do with the formation of genera, aud
can never have bad anything at all to do with the formation of families, orders, or classes. Hence the evidence which we have of the evolutionary influence of physiological selection, unlike that which we
have of the evolutionary influence of natural selection, is confined
within the limits of specific distiuctions,"* while I maintain that segregation of some form is a necessary condition for all divergent evolution, and that in fact segregate fecundity in many cases prevents the
inter-crossing of divergent forms that, tbough desceucled from a comlllon stock, now belong to different families and orders.
* Linn. Soc. Journ. 1 Zoology, vol.

XIX 7

p. 396.
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The first of these differences, though of considerable importance, is
I think due to the method of presentation rather than to any funda-

mental discrepancy in the theories. The positive forms of segregation
are I judge assumed to be present, though their co-operation is not
distinet1y recognized as a necessary condition for the breeding of forms
that are mutually sterile.
I must, however, confess that I do not see how to reconcile his statement that'' Physiological selection can never have had anything at all
to do with the formation of families, orders, or classes" with what I
believe to be the facts concerning Segregate Fecundity; and if physiological selection is to be understood as including Seasonal and perhaps
other forms of Segregation, this passage seems to be still more opposed
to the principles of divergent evolution as I understand them. He certainly could not have intended to say that mutual fertility between
allied genera not otherwise segregated would not have stood in the
way of their becoming different families, and that, therefore, mutual
sterility has had nothing to do with their continued divergence; still
he seems to have failed to perceive the important influence this principle must have had on the divergent evolution of the higher groups of
organisms.
The correspondences in the two papers are, notwithstanding, more
remarkable than the differences. Of these, i;he most conspicuous is the
use of the word segregation to express the principle under consideration.* As I have already pointed out, I used this word for the same
purpose In an article in the Chrysanthemum, published in January,
1883; and again in the Chinese Recorder for July, 1855, where I spoke
of the "law of segregation rising out of the very nature of organic
activities, bringing together those similarly endowed," and causing" the
division of the survivors of one stock, occupying one country, into forms
differing more and more widely from each other."
I trust that my discussion of the various forms of segregation, both
negative and positive, though presented in so condensed a form, will
throw light on the subject of the mutual sterility of species; and that
in other ways my presentation of the subject will contribute something,
not only to the theory of physiological segregation but to other branches
of the general theory of evolution.
I should here acknowledge (what will, I think, be manifest on every
page of my paper) that my obligations to Darwin and Wallace are far
greater than are indicated by quotations and references.
I very much regret that I have failed of obtaining a copy of" Evolution without Natural Selection," by Charles Dixon; but, from his letter
in N at~tre, vol. XXXIII, p. 100, I see that he maintains "That isolation
can preserve a non-beneficial variation as effectually as natural selection
can preserve a beneficial variation." He does not there refer to the fact,
"See paper on "Physiolgical Selection," Linn. Soc. Journ. Zoology, vol.
354, 356, 391, 395.

XIX,
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which I emphasize, that all divergence of a permanent character,
whether beneficial or non-beneficial, is dependent on se-generation,
either separative or segregative.
PRELIMINARY DEFINITIONS.

Believing that great obscurity has often been introduced into the discussion of biological subjects by the use of terms of uncertain import,
I have endeavored to obtain greater precision by giving definitious of
the terms I have introduced; and for the sake of indicating what words
are thus used with special and definite meanings, they have been distinguished hy capitals. A few of these definitions are here given, and
others will be given in the body of the paper.
An Inter-generant, or Inter-generating Group, is a group of individuals
so situated and so endowed that they freely cross with each other.
Be-generation, or Independent Generation. In harmony with the fundamental doctrines of evolution, I assume that each species was at one time
a single inter-generant; but we find that many species are now divided
into two or more inter-generants, between which there is little or no
inter-crossing. This state of freedom from crossing I call Se-generation.
Se-generation is of two kinds, Separate Generation and Segregate Generation.
Separate generation, or separation, is the indiscriminate division of
a species into groups that are prevented from freely crossing with each
other.
Segregate generation, or segregation, is the inter-generation of similar
forms and the prevention of inter-generation between dissimilar forms.
Select generation, or selection, is the partial or complete exclusion of
certain forms from the opportunity to propagate, while others succeed
in propagating. The generation of any form is select with reference to
the non-generation of forms that fail of propagating, and segregate with
reference to the generation of forms that propagate successfully, but
· separately.
Adaptational selection is exclusive generation that depends upon superior adaptation either to the environment or to other members of the
same species.
N,ltura,l selection is the exclusive generation of those better fitted to
the natural environment, resulting from the failure to generate of those
less fitted.
Art·i.ficial selection is the exclusive generation of those better fitted to
the rational environment.
R~flexi·ve selection is the exclusive generation of those better :fitted to
the relations in which the members of the same species stand to each
other. Sexual, social, and institutional selection are forms of reflexive
selection.
The environment is nature lying outside of the inter-generant. Tbe
influence of the environment is the sum of the influences that fall upon
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the meml>ers of an inter-genera.nt, exclusive of their influeuce upon each
other. The environment of an inter-generant includes members of the
same species only when these members are so near that they exert an
iufluence through competition or otherwise, while at the same time they
are so far differentiated that they do not inter-cross; in other words, the
members of ·the same species can rnutally belong to the environment
only when they have acquired some of the characteristics of independent species. The same environment extends as far as the activities
that affect or may affect the species extend without undergoing change.
Change in the environment is change in the external activities affecting the species.
Entering a new environment is a change in the territorial distribution
of the species, bringing either all or a portion of its members within
the reach of new influences. This may also he called change of< '11'l, ironment.
Change in the orgctnism, whether producing new adaptations to the
environment or not, should be carefully distinguished from both of the
above-described changes.
Change of relations to the environment may be produced by change
in the environment, or by entering a new environment, or by change
in the organism.
As great confusion has been occasioned by the terms ''conditions of
life," and "external conditions" being used, sometimes for activities
outside of the species under consideration and sometimes for those
within the species (as for example the influence upon the seed produced
by its position in the capsule), I have tried to avoid their use.
111onotypic evolution is any transformation of a species that cloes not
destroy its unity of type.
Polytypic enol1dion or (linergent evolution is any transformation of a
species in which different types appear in different sentions.
CHAPTER

f.

'l'HE EFFECTS OF SELEC'l'fON AND INDRPENDBN'l'

HENl~RA'I'[()N

('ON-

TRA.S'l'ED.

In as far as any theory of evolution fails of giving an explanation of
divergence of character, in so far it fails of explaining the origin of
species. 'rhis is the crucial test which must decide the strength or
weakness of every theory that is brought forward to account for the
derivation of many species from one original species. A satisfactory
theory wHl not only point out the conditions on which divergence
depends, but will show that these conditions are the natural result of
causes that are already recognized by science as having influence in
the organic world, or that are now shown to have such influence.
In the present chapter I shall present some reasons for believiug
that neither "natural selection, " nor " sexual selection," nor "t.ho
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advantage of divergence of character," nor "difference of external
conditions," nor all these taken together, nor any form of selection
that may be hereafter discovered, is ,sufficient to account for divergence of character, but that another factor of equal if not superior
importance must be recognized. In subsequent chapter~! shall try to
trace the causes on which this additional factor depends, and to indicate aR far as possible the laws and relations under which they appear.
DIVERGENT EVOLUTION NO'l'

EXPLAINED BY NATURAL

SELECTION.

Natural seleetion is the P-xclusive generation of certain forms through
the failure to live and propagate, of other. kinds that are less adapted
to the environment.
In the case of the breeder, no selection avails anything that does not
result in some degree of exclusion. In the case of natural selection,
where we are not considering ineffectual intentions, the selection is
measured by the exclusion. Where there is no exclusion there is no
selection, and where the exclusion is great the selection is severe.
Moreover it is self-evident that there can be no crossing between the
best fitted that survive and propagate and the least fitted that perish
without propagating. To this extent, therefore, the prevention of
crossing is complete. And further, it is evident that those whose
meager tltness gives them but little opportunity for propagating will
have a correspondingly diminished opportunity for crossing with the
best fitted; and so on through the different grades of fitness, the power
to affect the next genneration through having a share in propagating
will measure the power to affect the progeny of the best fitted by srossing with them. It therefore follows that the freest crossing of the fittest is with the fittest.
N at~tral selection therefore proves to be a process in 'Which the fittest
are prevented from crossing with the less fitted through the exclusion of
the less fitted, in proportion to their lack of fitness. Through the premature death of the least fitted, and the inferior propagation of the
less fitted, there arises a continual prevention of crossing between the
less fitted and the better fitted; and without this separation the transforming influence of the laws of organic life would have no power to
operate. .A.s Darwin has pointed out, the results produced by this
removal of the less fitted and separate propagation of the better fitted
closely correspond with those produced by the breeder, who kills off
the less desirable individuals of his stock before they have an opportunity to breed. The selection of the breeder avails nothing unless it
leads to the determining of the kind that shall breed; and this he can
not accomplish without preventing free crossing with those that he
does not desire. He must use some method to secure the separate
breeding of the form that he desires to propagate. We therefore find
in both natural and artificial selection the same funda,mental· method.
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In either case, the kind that is to propagate is determined by the
selection, and those that are not to propagate are in some way exeluded. The process may therefore be called the exclusive breeding
of certain kinds; and natural selection may be defined as the exclusive
breeding of those better adapted to the en,vironment.
But if .from one stock of horses we wish to develop two distinct
breeds, one of which shall excel in fleetness and the other in strength
for carrying or drawing burdens, the result will not be gained by simply
preventing all that are inferior in strength or fleetness from breeding.
By this process, which is the exclusive breeding of the desired kinds,
we should obtain one breed with fair powers of strength and fleetness;
but the highest results in either respect would not be gained. Such
experiments show that the exclus,ive breeding of other than average forms
causes nwnotypic evol~ttion, and that to se~ure divergent or polytypic evolution some other princ,iple ?1Mtst be introduced.
In the case of natural selection, the separation it introduces is between
the living and the dead, between the successful and the unsuccessful.
In other words, natural selection is the exclusion of all the forms that
through lack of adaptation to the environment fail of leaving progeny,
and therefore in the exclusive generation of the forms that through
better adaptation to the environment are better able to propagate.
Va,riation with the natural selection of other than average forms may therefore account for the transformation of an ancient species into a series of
successive species, the last of which may now exist in full force; but without the aid of se-generation it will by no means acco~tnt for the divergent
evolu,tion of any one of these species into a family of coexisting species.
As I have just shown, natural selection is the exclusive generation
of those better fitted to the environment; and it tends to the modification of species simply through the generation of the better fitted forms,
while they are prevented from crossing with the less :fitted, which fail
of propagating through their lack of :fitness. Now, from the very nature
of this process, which results from the success and failure of individual::;;
in appropriating the resources of the environment, it follows that it
can not be the cause of separation between the successful competitors,
and therefore any divergence of character that arises between the different groups of the Sllccessful can not be attributed to natural selection.
Natural selection explains the prevention of crossing between the fitted
and the unfitted, and shows how the successive generations of a species
may gradually depart from the original type, becoming in time a different species; but it can not explain the divergences thctt arise between those
that have, by the fact of successful propagation, proved their fitness. It
depends on superiority of adaptation to the environment, and tends to
produce increasing adaptation; but divergent kinds of aclctptation are not
necessary conditions for U, ancl it r,an not be the cause of increasing
divergence between the incipient kinds that otherw,ise arise.
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DIVERGENT EVOLU'l'ION NOT EXPLAINED BY "'l'HE ADVAN'l'AGE OF
DIVERGENCE OF CHARACTER."

Two sections of the fourth chapter of the " Origin of species" are
given to the discussion of the" principle of benefit being derived from
divergence of character," which it is maintained "will generally lead
to the most different or divergent variations being preserved and accumulated by natural ::;election." Now, it can not be doubted that ability
to appropriate unused resources would be an advantage to any members
of a community pressed for food; but I do not see how the divergence
that would enable them to appropriate, for example, a new kind of food
can be accumulated while free crossing continues; and natural selection
can not prevent the free crossing of competitors who leave progeny.
Having found that th~volution of the fitted is secured through the
prevention of cross~ng betweep. the better fitted and the less fitted, can
we believe that the evolution of a special race, regularly transmitting
a special kind of fitness, can be realized without any prevention of crossing with other races that have no power to transmit that special kind of
fitness~ Can we suppose that any advantage, derived from new powers that prevent severe competition with kindred, can he permanently
transmitted. through succeeding generations to one small section of the
species whHe there is free crossing equally distributed between all the
families of the species~ Is it not apparent that the terms of this supposition are inconsistent with the fundamental laws of heredity? Does
not inheritance follow the lines of consanguinity, and when consanguinity is widely diffused, can inheritance be closely limited? When
there is free crossing between the families of one species, will not any
peculiarity that appears in one f<tmily either be neutralized by crosses
with families possessing the opposite quality, or being preserved lJy
natural selection, while the opposite quality is gradually excluded, will
not the new quality gradually extend to all the branches of the svecies,
so that, in this way or in that, increasing divergence of form will be
prevented~

If the advantage of freedom from competition in any given variation
depends on the possession, in some degree, of new a~aptations to unappropriated resources, there must be some cause that favors the breeding together of those thus specially endowed, and interfere.s in some
degree with their crossing with other variations, or, failing ofthis, the
special advantage will iu succeeding generations be lost. As some
degree of independent generation is necessary for the continuance of
the advantage, it is evident that the same condition is necessary for
the accumulation through natural selection of the powers on ·w hich the
advantage depends. The p,dvanta,ge of di~vergence of character can not
be retained by those that fail to retain the divergent character j and divergent character can not be retained by those that are constantly crossing
with other ki·nds j and the prevention of free crossing between those tlwt
are equally successful is in no way secur·ed by natural selection.
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NATURAL SELECTION WITH GREAT DIFFERENCE IN EXTERNAL CONDI'l'IONS N01' SUFFICIENT TO EXPLAIN DIVERGENT EVOLUTION.

The insufficiency of natural selection without se-generation to account
for divergent evolution in an area where the external conditions are
nearly uniform may be admitted by some who will claim that the case
is quite otherwise when a species ranges freely over an area in which
it is subjected to strongly contrasted conditions. It may be claimed
that diversity of natural selection resulting from a great difference in
external nature is sufficient to account for divergent evolution without
any se-generation.
In the discussion of this subject important light can be gained by
referring to the experience of the breeder. This experience, in as far
as it relates to tbe subject of separation in the production of diverg-ent
breeds, may be arranged under three beads: First, diversity of selection without separation; second, separation without diversity of selection; third, separation more or less complete with diversity of selection.
As the full discussion of these points is impossible here, and as there
is probably but little difference of opinion in regard to what the results
would be, I shall content myself with a simple statement of what I
believe the experience of breeders shows. Difference in the standards
of selection without separation can avail notbing in creating divergence of types; while s<>paration without difference in the standards of
selection \Vill avail something, though food and external conditions are
kept the same; but to secure the greatest divergence in a given time,
there must be both diversity of selection and complete separation. In
the case of separation without diversity of selection, there is room for
difference of opinion; for the examples that some would claim as proving that there is often divergence without diversity of selection and
without difference in external conditions may be attributed by others
to unconscious selection. It is granted by everyone that no skill in
selecting the animals that possess the desired qualities will have any
effect in establishing a new breed unless the selected animals are prevented from breeding with others that are deficient in the desired qualities. We further find that while separation is an absolutely essential
condition for this diyergence, diversity of selection is not so essentiaL
Thi~ is illustrated in the case of the slightly different types that are
presented by the wild cattle found in t.h e different parks of England,*
a phenomenon which can hardly be attributed to any diversity in the
environment.
In artificial breeding universal experience teaches that variation a11d
selection, without separation, do not produce divergence of races. 'fhe
separate breeding of different classes of variation is a necessary condition for the accumulation of divergent variation; and wherever the
separate breeding of different classes of variation is secured there diver* See Darwin's" Variation under Domestication," chapter xv, second page.
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gence of character is the result. In other words, segregate breeding is
nece1:lsary to divergent evolution in gamo-genetic animals.* Moreover,
we have every reason to believe that the same law holds good throughout the whole organic world. The generating together of similars,
with the exclusion or separation of dissimilars, is the central necessi.t y
in all evolution by descent., whether monotypic.or polytypic and whatever
causes the separate generation of diiferent classes of ·va,riation will be the
cause of divergent evolution. That is, wherever this condition is added
to the permanent laws of organic life, there divergence will follow.
As we have already seen, natural selection or the survival of the fittest
necessarily separates between the survivors and the nonsurvivors,
between the best fitted and the least fitted, and is, therefore, the
cause of monotypic transformation; but it can not be the cause of
separation between the different families of those that survive, and,
therefore, can not be the cause of divergence of character between
these families. But we find that divergence of character often arise~'!
between the branches of one stock, and in many cases this divergence
increases till well-marked varieties are established. If therefore the
general principle we have just s1ated is true, there must be certain
causes producing the inuependent generation of these forms; and, if
we can discover these causes and trace them to general principles,
they will, in connection with the laws of variation and selection,
explain divergent evolution, that is, the transformation of one form into
many forms, of one species into many species. As community of evolution arises where there is community of breeding between those that,
through superior fitness, have opportunity to propagate, so I believe it
will be found that divergent evolution arises where there is separate
breeding of the different classes of the successful. In other words,
exclusive breeding of other than average forms causes monotypic evolution, and segregate breeding causes divergent or polytypic evolution.
The facts of geographical distribution seem to me to justify the following statements:
(1) A species exposed to different conditions in the different parts of
the area over which it is distributed is not represented by divergent
forms when free inter-breeding exists between the inhabitants of the
different districts. In other words, diversity of natural selection without separation does not produce divergent evolution.
(2) We find many cases in which areas, corresponding in the character of the environment, but separated from each other by important
barriers, are the homes of divergent forms of the same or allied species.
(3) In cases where the separation has been long continued, and the
external conditions are the most diverse in point1:l that involve diver*In a subsequent paper I shall show how it is that separate breeding, long continued, inevitably ends in segregate breeding. In this chapter I confine my attention more especially to separate breeding when combined with diversity of selection
in the different sections, for it is evident that this will produce segregate breeding.
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sity of adaptation, there we find the most decided divergences in the
organic forms. That is, where separation and divergent selection have
long actec;I, the results are found to be the greatest. The first and
third of these propo~itions will probably be disputed by few, if by any.
The proof of the second is found wherever a set of closely allied organisms is so distributed over a territory that each species and variety
occupies its own narrow district, within which it is shut by barriers
that restrain its distribution, while each species of the environing types
is distributed over the whole territory. The distribution of terrestrial
mollusks on the Sandwich Islands presents a great body of facts of
this kind.
SELECTION OF EVERY KIND INSUFFICIEN'l' TO ACCOUN'l'

FOl~

DIVER-

GENT EVOLU'l'ION.

Though I have no reason .to doubt the importance of sexual selection
in promotiug the transformation of many species, I think I can show
that unless combined with some separative or segregative influence
that prevents free intercrossing, it can avail nothing in producing a
diversity of races from one stock. In the nature of its action sexual
selection is simply exclusive. It is the exclusive breeding of those
better fitted to the sexual instincts of the species, resuiting from the
failure to breed of the less fitted. It therefore indicates a method of
separation between the better fitted and the less fitted; but it gives
no explanation of separation between those that are equally successful
ill propagating.
I maintain that in a great number of animal species there are sexual
and social instincts that prevent the free crossing of clearly marked
races; but as these segregative instincts are rarely the cause of failure
to propagate, and since when they are the cause of failure the failure is
as likely to fall on one kind as on another, I conclude that the segregate breeding resulting from these instincts can not be classed as either
sexual or social selection. Reflexive selection in all its forms is, like
natural selection, the result of success and failure in vital processes
through which the successful propagate without crossing with the
unsuccessful; but it in no way secures the breeding in separate groups
of those that are successful in propagating. The exclusion of certain
competitors from breeding is a very different process from the separation of the successful competitors into different groups that are prevented from inter-crossing, and whose competition even is often limited
to the members of the same group. Sexual selection, like other forms
of reflexive selection, can extend only as far as members of the same
species act on each other. If the individuals of the two groups have
through difference in their tastes ceased to compete with each other
in seeking mates, they are already subject to different and divergent
forms of sexual selection; and is there any reasou to attribute this
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difference in their tastes to the fact that, when there was but one group
and the tastes of all were conformed to a single standard, soiile of the
competitors failed of propagating, through being crowded aside by
those more successful~ If the failure of the unsuccessful can not be the
ca/ttSe of separation between the different kinds of the suceessfuJ, then selection, whether natural or reflexive, or of any other kind, can not be the cause
of diverg-ent evolution, except as co-operat,ing with some cau,se of independent generation.
The failure of sexual selection, without separation or segregation, to
account for divergent evolution, will perhaps be made clearer to some
minds by considering some of the particular conditions under which it
occurs. Suppose for instance that in some species of humming bird
there occurs a slight variation in the form or color of the tail feathers
of the male that adds to the beauty of the individuals possessing the
new character and rendei'ing them more attractive to the females. We
can see that they might have an advantage over their rivals in leaving
progeny, and that the variety might in that way gradually gain the
ascendency, and the beauty of the markings become more and more
completely defined; but under such conditions what could prevent the
whole species from being gradually transformed~ Unless there was
some separative or segregative principl~ that prevented the new variety
from cro::;sing with the others, the species would remain but one, though
changed in some of its characters. We should have transformation
without divergence.
The same must be true of institutional selection. It may be the
cause of transformation; but it can not be the cause of divergent evolution, unless there are added to it other causes that produce divergence
in the character of the forms selected, and the separate breeding of the
different groups of forms thus selected. A single illustration will set
in a clear light the limitation in the influence of institutional as well
as all other selection. In primitive communities the deaf are but little
cared for, and owing to the great disadvantage of their position their
opportunities for gaining subsistence, and t,herefore for rearing families, are greatly diminished; this is natural selection. Again, t~hose
who are at so great a disadvantage in communicating with their compa11ions will be also at a disadvantage in finding consorts; this we may
call social selection. Again, a community might either by law or by
strict eustom prevent the marriage of the deaf; this would be institutional seleetion. Any one of these forms of selection might be pressed
so far as to be the means of increasing the average power of hearing in
the community in succeeding generations; but it could never be the
cause of two divergent races, one with good powers of hearing and the
other with an increasing liability to deafness. 'J'o secure such divergence it is necessary that segregative influences should be introduced,
such as have been most amply furnished by the modern system of education for the deaf. Under these influences those endowed with hear-
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ing and those without bearing have been separated into two communities, the members of each having but little opportunity for acquaintance
beyond the limits of that community, each community having separate
schools, separate newspapers, and to some extent a separate language.
As the result of this segregation marriages between the two classes
have been greatly diminished; and little by little two races are arising,
the hearing race aucl the deaf race.*
REASONS O:F A GENERAL CHARACTER l<'OR CONSIDERING SELEC'l'ION
WI'l'HOU'l'

INDEPENDENT

GENERATION AN UNSATISFACTORY EX-

PLANATION OF DIVERGENT EVOLUTION.

1. The divergence is often confined to characters which seem to have
no possible relations of adaptation either to the environment or to
other members of the 8pecies, and, therefore, to be independent of both
natural and reflexive selection.
2. Divergence relating to adaptive characters successfully propagated involves different kinds rather than different degrees of adaptation and advantage; and, as adaptational selection depends on the
difference of degrees of advantage, it can not account for the divergence of forms possessing equal degrees of advantage.
3. In the very nature of its action we see that adaptational selection
unaccompanied by independent geueration must produce essentially
monotypic transformation.
4. In artificial breeding, independent generation is found to be an
essential condition for the production of divergent races; and there is
no reason to doubt that the sa1pe law holds good in the divergence of
mttural forms.
5. The general fact that species possessing high powers and large
opportunities for migration occupy large areas, while those possessing
low powers and small opportunities for migTation divide the same area,
or an area no larger, between many representative species, sho,-vs that
independent generation is an important element in their divergence.
CHAPTER
CUMULATIVE DIVERGENCE

II.

THROUGH

CUMULATIVE

SEGREGA'l'ION

Local separation in dissimilar environments is the only cause of
segregation that has been clearly 11ointed out by Darwin. I shall
however endeavor to show that there are other causes producing
segregation, and that, without any change of envir01nnent or change
in the environment, they may produce all the phenomena of diverge.nt
* See paper by Alexander Graham Bell, read before tlte National Acauemy of
Sciences, November 13, 1883, upon tlte "Formation of a Deaf Variety of the Human
Race;" also a review of the same in The Populm· Science Monthly, vol. xxvn, p.15,
entitled "Can Man be Modified by Selection~"
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evolution. Any cause that, out of two or more kinds of successful
variations, brings together one kind in such a way as to facilitate
their breeding together, or to hinder their breeding with those of other
kinds, is, according to my definition, a cause of segregate breeding;
and the experience of breeders shows that wherever such causes operate
divergent evolution is the result, aud that the divergence accumulates
when the process is continued through many generations. From their
experiments we learn that any form of segregate breeding persistently
continued will result in divergent evolution. As any form of natural
selection in which other than typical forms have the advantage will
result in monotypic evolution, so any form of segregate generation will
produce polytypic evolution. I call this the law of C1tmulative di'Vergence through cumulative segregation. It is a g~neralization established
by the widest experience of mankind in the cultivation of plants and
the breeding of animals; and any assumption that is not in accord
with it may be wisely called in question.
I therefore judge that the advantage or disadvantage of their divergence, to individuals diverging from the typical form of a speeies, can
not be the factor that determines whether the divergence shall be accumulated.
A divergent member of any inter-generating group can not long perpetuate its kind, if the divergence is any disadvantage; for the superior
propagation of the more successful kinds will soon overpower the
influence of the less successful; and the result will be monotypic evolution. The case is, however, very different with variations that are
wholly or partial1y separated from each other and from the type by
their divergent adaptation to different kinds of resources, or by any
other cause. The perpetuation of such variations depends not upon
any advantage they possess above the type from which they diverge,
but upon ability to appropriate from the environment sufficient simply
to maintain existence, and the result is polytypic evolution. In other
\vords, of the freely crossing forms of any species it is only those that
are most successful that are perpetuated; while of forms that are neither
compef'ing nor crossing, ett,ery kind is perpetua,ted that is not fatally deficient
in its adaptations. 1t follows that a form that under present condiUous
maintains only a precarious existence, may, if kept from crossing, maintain its characteristics unimpaired for many generations, and at last,
through changes in the environment, enter upon a period of great prosperity. Such would be the case with a fo m depending uponresources
at first scarce, and afterwards very abundant.
Again, the individuals of a species that are brought together in their
attempts to appropriate some new kind of resource, and are thus led to
breed with each other, and not with the rest of the species, become a
new inter-generating group in which a new and divergent form of natural selection is established, depending on divergent adaptations in
the organism, without any change in the environment. The gradual
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process of gaining full adaptation to the new resources may extend
over many generations, and during this long period the eli vergent form
may be at a great disadvantage as compared with the typical form;
but after this long process of divergence is completed, and full command of the new resource is gained, the new race may enter upon a
period of great prosperity. In such a case, the period of most rapidly
aecumulating divergence is a period when the incipient race is suffering
the heaviest disadvantage. The transformation from a wild to a domestic state affords a complete parallel to this process. In the initial and
earlier stages, the divergent branch that is being domesticated is in
constant danger of extermination; and it is only when a good degree
of adaptation to the new conditions has been gained that it can be said
to be a~ prosperous as the wild stock from which it was derived. Darwin has not explained how disadvantageous sexual instincts can be
formed; but, assuming that there are such instincts, he has shown that
they would modify the species iu a way that is disadvantageous. He
believes the progenitors of J?an were deprived of their hairy coat by
sexual selection that was, in its earlier stages, disadvantageous.
It is therefore evident that the simple fact of divergence in any case
is not a sufficient ground for assuming that the divergent form has an
advantage over the type from which it diverges. We may however
be sure that there is some cause or eombination of causes that facilitates the intergenerating of those: similarly eudowed, and hinders their
crossing with other kinds; and if we can discover the cause of this
segregate generation we shall have an explanation of one part of the
process by which the forms thus endowed are becoming a distinct race.
SEPARA'l'lON AND SEGREGA'l'ION Wl'l'H 'l'HE PRINCIPLE OF INTENSION.

It will contribute to clearness in our discussion if we ·can gain definite
coneeptions of the conditions tltat are necessarily involved in separate
and segregate breeding.
·
Separate generation, which for convenience I call separation, implies:
:First. The indiscriminate separation of the members of a species into
different sections that are prevented from freely crossing with each
other.
Second. The aggregation of the members of one section; that is,
their being brought into conditions of time and place that allow- of
their freely crossing.
'fhird. The integration of the members of each sectio11 into one intergenerating group, through the operation of functional adaptations by
which the members of each section freely cross with eaeh other. This
analysis of the process shows that it may depend upon a great variety
of causes, working together in a very complex way. We shall hereafter find that the causes of separation may operate in such a way
that no aggregation or propagation takes place among the members
that are separated from the old stock; but in such cases there is no
H. Mis. 334, pt. 1--19
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separate generation, a,nd therefore no separation in the sense in which
1 use the word.
Segregate generation also consists of separation, aggregation, and integration; but it differs from separate generation in that in the latter the
separation is indiscriminate, while in the former there is a more lor less
pronounced bringing together of those that are similarly endowed, with
separation of those that are dissimilar. Segregate generation is therefore the separation of dissimilars, with the aggregation and integration
of similar8. As we have already seen, segregate breeding may be produced by separate bre.eding, accompanied by diversity of natural selection in the different sections. It is almost evident that any other caus~
that develops in one or more of the separate sections of the species
characters that are not found in the other sections will produce segre·
gate breeding. Such cases are diversity of selection of other forms
than natural selection, diversity in the inherited effects of use aild disuse (unless physiologists ltave been mistaken iu supposing' that there
are any such effects), and diversity in the inherited characters derived
from the direct effects of the environment (unless, again, Weismann is
right and the general belief wrong). Segregate breeding may moreover be produced directly by the very way in which the separation of
the different sections is secured. One of the best examples of this kind
of segregation is seen in what I call industrial segregation, where the
members of a species are distributed according to their endowments,
those of similar endowments being brought together. In such cases,
segregation is introduced as soon as the separation, without depending on the subsequent action of the environment, or on diverse forms
of use, or of selection; though there can be no doubt that, in the great
majority of cases, diversity of use and diversity of selection of some
kind will in time come in to intensify the result.
There is another invariable sequence which it is necessary we should
keep in mind if we would understand the relation in which these two
principles stand to each other. I refer to the certainty that all prolonged separate breeding will be transformed into segregate breeding.
In other words, indiscriminate separation, in which there is no apparent difference in the different groups, is in time found to be a separation in which there is a decided difference in the different groups.
Whenever a sufficient number of the same species to insure propagation are brought together in an isolated position, separate generation is
the result; and, if this separate generation is long-continued, we have
reason to belieYe it always passes into segregate generation with divergent evolution. The fundamental cause for this seems to lie in the fact
that no two portions of a species possess exactly the same average
character, and that the initial differmwes are for e\rer reacting on the
environment and on each other in such a way as to insure increasing
divergence iu each successive generation as long as the individuals of
the two groups are kept from intergenerating. In my paper on Diver-
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sity of Evolution uncler one Set of E::cternal Oonclitions, I spoke of this
principle of divergence as "separation with variation;" but in order
to distinguish the antecedent condition, which is separation 7 from the
result, which is something more than variation, I now call the certainty
that some form of divergent transformation will arise when inter-generation is prevented the principle of intens,ion ; and segregation produced
by independent transformation I call intensive segregation.
As separate and segregate generation are so closely related, I llave,
in order to avoid a multiplication of terms, classified the two principles
together under the general term segregation. In my discussion of the
causes of segregation I shall however endeavor to determine concerning each class of causes whether they are primarily separative or segregative.
A full discussion of the causes of segregation would require that under
each combination of causes to which we give a distinctive name we
should show:
(1) How the indepenuent generation is produced.
(2) How the difference of character in the differeut sections is produced.
(3) How the aggregation in place bringing together the members of
each section is produced.
(4) How the correspondence in times and seasons necessary for intergeneration is secured within each secti.Jn.
(5) How· the correspondence of community and of sexual and social
instincts necessary for intergeneration is secured within each section.
(6) How the correspondence in structure, in dimensions, and in the
mutual potentiality of the · sexual elements necessary for intergeneration is secured within each section.
It will however be observed, that with the exception of the two
first, these questtons relate to the necessary conditions that must always
exist in the case of every inter-g;enerating group; and as it is evident
that inter-generation in some degree must be the normal condition in
every sexual, that is, in every gamo-genetic species, we may here assume
that all the conditions necessary to inter-generation exist, except so far
as they have been disturbed by causes producing segeneration. ln
tracing the causes of segregation it will therefore be sufficient if in
each class of cases we give the cause of se-generation, showing why the
same cause does uot prevent all inter-generation, and explain the difference of character in the dift'erent sections produced by the se-generation. In full accord with the implications of the theory of evolution,
we proceed on the assumption that inter-generation was the original
condition of every species, and that the inter-generation of those that
~ue brought together nuder favorable circumstances may be taken for
granted, unless there is some special cause that prevents. All that is
uecessary to produce separation is the failure of any one of the many
conditions on which free crossing depends, in such a way and to such
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a degree that the species falls into two or more sections, between which
crossing is interrupted, without its being interrupted within the hounds
of each section. And all that is necessary to produce segregation is
that to separation should be added some cause that secures difference
of character in the different sections. And as separation long continued inevitably ends in segreg·ation through the development of differneed not in our classifience of character in the different sections,
cation set them wholly apart, though for the sake of clearly recognizing the difference it will be well to note in each class of causes whether
the primary effect is separation or segregation.

,,,e

CUMULATIVE SEGREGA'l'ION AND THE CLASSIFICATION OF I'l'S DIFFERENT FORMS.

The fundamental law to which I would call attention may be expressed
in the following formula: Cumulative segregation produces accumulated
divergence and accumulated divergence produces permanent segregation, and the segregate subdivision of those permanently segregated
produces the divisions and subdivisions of organic phyla. If then we
can diRcover the causes of segregation, we shall understand the causes
of a wide range of phenomena, for this is the fundamental principle in
the formation of varieties, species, genera, families, orders, and all
greater divergences that have been produced in the descendant~-; of
common aucestry.
In treatiug of the causes of segregation I have found it convenient
to make two distinct classifications. In the one the fundamental dil::l tinetion is between segregation produced by the purpose of man, whieh
I call rational segregation in its two forms, artificial segregation, iHI::ltitutional segregation, aud that produced hy nature outside of man,
which 1 call responsive segregation; while any of these forms of segregation may be intenl::lified hy independent traw~formation through tlte
principles of diversity of selectiou, diversity of use, or diven":lity of
direct effects of the environment; and the combined aetion of segregation with these and other principles of traHsformation I call intensive
segregation.
In the other classification the fundamental distinction is between
Hegrcgation arisi11g fi·om tlJe relations in wLich the organism stamls to
the environment, which I call environal segregation, and segregation
arising from the relations in which the members of the same species
stand to each other, which I call reflexive segregation; while any form
of segregation belonging to either of these classes may be enhanced hy
one or more of the forms of intension, and thus pret'ent what I can insive segregation.
THE EFFECTS OF SEGREGATION.

The effects of segregation can be studied to advantage in the vast
experience that has been accumulated in the domestication of plants
and animals.
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..~..1\_rtificial segregation is eaused by the relations in whieh the organism stands to the rational environment, that is, to the purposes of man.
In other words, artificial segregation is the rational form of environal
segregation. Though the bearing of segregation on the evolution of
Hpecies in a state of nature has been for the most part overlooked, its
effects have been quite familiar to the breeder of domestic races.
As a convenient method of illustration, let us consider the different
results that will be gained according as we subject the same ten pan's
of wild rock pigeons to one or the other of the following methods of
treatment:
In the first experiment let the treatment be as follows: Let ten aviaries be prepared, and in each aviary put one male with the female that
most nearly resembles it. When the young of each aviary arrive at
maturity, let them be inspected, and if any individual resembles the
inmates of one of the other aviaries more than the inmates of the aviary
in which it was produced, let it be placed with those it most closely
resembles. If any unusual variation arises, let it be placed in a new
aviary, and let the one of the other sex that most closely resembles it
in th::Lt respect be placed with it. When the crowding in any aviary
becomes injurious to the health of the birds let tlw numbers be indiscriminately reduced. Let this process be continued many generations,
the inmates in all the aviaries being fed on the same food, and in every
respeet treated alike, and what will be the result?
No experienced breeder will hesitate in assuring us that under such
treatment a multitude of varieties will be formed, many of which will
be very widely divergen~from the original wild stock. In other words,
cumulative segregation will produce accumulatecl divergence, thou.gh there
is no selection in the sense in which natural selection is selection.
Again, let us take the same teu pairs, and putting them into one
large aviary, let them breed freely together without any segregative
iufiuence coming in to affect the result, and who does not know that
the type would remain essentially one, though a considerable range of
iliClividual variation might arise. That is, withmtt segregation no divergence of type will ar'ise.

'l'HE NATURAL LAW OF CUMULATIVE SEGREGATION.

I shall now show that there is in nature a law of cumulative segregation. There are large classes of activities in the organism and in the
environment that conspire to produce segregate breeding; and to IH'Oduce it in such a way that in a vast multitude of cases it becomes a
permanent fact, which no cause that we are acquainted with can ever
obliterate. Moreover. when oue form of segregation has become fully
established, we find that the different branches are liable to be again
subjected to segregative influences, by which each branch is subdivided, and in time differentiated into divergent forms that are not
liable to inter-cross in a state of uature.

294

DIVERGENT EVOLUTION THROUGH SEGREGArriON.

Now, as we have just pointed out, we know from the fundamental
laws of the organic world, that cumulative segregation of this kilHl
must produce cumulative divergence of types.
The segregation that results from the natural causes enumerated in
this paper is cumulative in two re8pects. In the first place, every new
form of segregation that now appears depends on, and is superimposed
upon, forms of segn~gation that have been previously induced; for
when negative segregation arises, and the varieties of a species become less and less fertile with each other, the complete infertility that
has existed between them and some other species does not disappear,
nor does the positive segregation (that is, the prevention of the consorting of the species characterized by this mutual incapacity) cease.
The means by which the males and ~emales of one species find each
other are not abrogated when the species falls into segregated varieties. In the second place, whenever segregation is directly produced
by some quality of the organism, variations that possess the endowment in a superior degree ·will have a larger share in producing the
segregated forms of the next generation, and accordingly the segregative endowment of the next generation will be greater than that of the
present generation; and so with each successive generation the segregation will become increasingly complete.
. The principle of cumulative segregation, first in its independent
action, and still further when combined with the different principles
by which the divergence of the segregated branches is intensified, gives
a formal explanation of the ever-expanding diversities of the organic
world. It sho·ws how varieties arise and pass into species, how species
pass into genera, genera into families, families into orders, and orders
into classes and the higher divisions, as far as evolution by descent
extends. It brings to light the dependence of this whole process on
the influences that p1·oduce segregation; and shows how these influences, added to variation, heredity, and the other acknowledged powers
residing in organisms, must produce the phenomena of divergent evolution.
COMPETITIVE

DISl~ UP'l'ION.

Before entering upon the discussion of the direct causes of cumulative segregation, let us briefly consider a law resulting from the competition of kindred with each other, which brings to light the fact that
such competition is one of the most important factors in preparing the
way for, and in giving intensity to, the activities that lead to segregation and diverge.nt evolution. It is manifest that competition for identical resources and geographical segregation are conditions which can
not exist at the same time between the same members of any species;
but it is also manifest that when there are uo natural barriers separating the ditl'erent districts of an area, part of which is occupied by a
species, pressure for food through a great increase in the populattion
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will tend to distribute the species over the whole area; and if the available resources in the different districts are considerably diverse, the
overflow of population from the crowded district will be subjected to
a necessary change of habits; and thus, through competition, there
will be the disruption of old relations to the environment, and the
~-ringing in of conditions that give the highest efficiency and the fullest opportunity to all the activities that produce segregation. In tlte
case of animals, no condition can tend more strongly to produce migration than scarcity of food in the old habitat; and in the case of both
plants and animals, a great increase in the numbers that are exposeu
to the winds, currents, and other transporting influences of the environment increases the probability that individuals will be carried to
new districts where circumstances will allow of their multiplying, and
where they will, at the same time, be prevented from crossing with the
original stock. In many cases the segregation thus brought about
will be in districts where the environment is the same, and in other
cases the pressure for food or other resources will lead portions of the
species to take up new habits in the effort to appropriate resources not
previously used; and through these new habits they will often be segregated from those maintaining the original habits. I shall hereafter
show that in both these cases there is a tendency to divergent evolution.
I at one time thought of describing this principle as a form of segregation, calling it dominationalsegregationj but fuller reflection convinces
me that the domination of the strong over the weak is not a form of
segregation, but rather a cause that prepares the way for segregation,
by forcing portions of the community out of their inherited relations to
the environment.
CHAPTER III.
DESCRIPTION AND CLASSIFICATION OF

~'HE

CAUSES OF CUMULATIVE

SEGREGA~'ION.*'

A. ENVIRONAL SEGREGATION.

Environal segregation is segregation arising from the relations in
which the organism stands to the environment.
It includes four classes, which I call industrial, cbronal, spatial, and
artificial segregation.t
(a,) Industria,l twgregation.

is segregation arising from the activities by which the organism protects itself against adverse influences in the environment, or by which
it finds and appropriates special resources in the environment.
* In the following chapters numerals are attached to what I consider separute
causes of segregation independent of human purpose.
t Francis Galton has suggested another class) which might appropriately be called
fertilizational segregation.
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The different forms of industrial segregation are sustentational, protectional, and nidificational segregatiOn.
For the production of industrial E-egregation it is necessary that there
should be, in the same environment, a diversity of fully and of approximately available resources more or less separated from each other,
and in the organism some diversity of adaptation to these resources,
accompanied by powers of search and of discrimination, by which it is
able to find the reRources for which it is best fitted and to adhere to
the same when found.
The relation in which these causes stand to each other and through
which they produce segregation may be described as separation according to endowment-produced by endeavor according to endowment.
It is evident that if initial variation presents in any case a diversity
of adaptations to surrounding resources that can not be followed with
out separating those differently endowed, we shall have, in the very
nature of such variation, a cause of segregation and of divergent evolution. Some slight variation in the digestive powers of a few individuals makes it possible for them to live exclusively on some abundant
form of food, which the species has heretofore only occasionally tasted.
In the pressure for food that arises in a crowed community these take
up their permanent abode where the new form of food is most accessible,
and thus separate themselves from the original form of the species.
These similarly endowed forms will therefore breed together, and the
offspring will, according to the law of diversity through segregation, be
still better adapted to the new form of food. And this increasing
adaptation, with increasing divergence, might continue for many generations, tllough every individual should come to maturity a.n d propagate; that is, though there were no enhancing of the effect through
diversity of selection, or indeed through any other cause producing
intensive segregation. And when different forms of intention do arise
they may be entirely independent of change in the environment, the
only change being in the forms or functions of the organism.
In choosing a name for this form of segregation I first thought of
calling it physiological or functional segregation; but such a name is,
on closer examination, found to imply both too much and too little; for,
on the one hand there is probably no form of segregation that is not in
some way or in some degree due to physiological or functional causes,
and on the other hand this special form of segregation is as dependent
on psychological causes which guide the organism in finding and in
adhering to the situation for which it is best fitted, as it is on the initial
divergence of the more strictly physiological adaptations by which it is
able to appropriate and assimilate the peculiar form of resource. In
the case of freely-moving animals the psychological guidance is an
essential factor in the success of the individual; while in the case of
plants and low types of animal life, the suitable situation is reached by
a wide distribution of a vast 11umber of seeds, spores, or germs, and
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the same situation is maintained by a loss of migrational power as soon
as the germs begin to develop. In these lower organisms it is evident
that the success of the individual must depend on its physiological
rather than its psychological adaptations; and if an initial divergence
of adaptations results in a slight difference in the kinds that succeed in
germinating in contrasted situations, the difference is directly due to a
diversity in the forms of natural selection affecting the seed, and the
separation is what I hereafter describe as local separation, passing into
local segregation. We therefore see that what I here call industrial
segregation depends on psychological powers acting in aid of. divergent
physiological adaptations to the environment, or in aid of adaptations
that are put to different uses.
Observation shows that there is a multitude of cases in which endeavor according to endowment brings together those similarly endowed
and causes them to breed together; and when the species is thus divided
into two or more groups somewhat differently enrlowed, there will certainly be an increased divergence in the offspring of the parents thus
segregated; and so on in each successive generation, as long as the
individuals find their places according to their endowments, and thus
propagate with those similarly endowed, there will be accumulatecl
divergence in the next generation. Indeed it is evident that endeavor,
according to endowment, may produce under one environment what
natural selection produces when aided by local separation in different
environments. As it produces the separate breeding of a divergent
form without involving the dest.r uction of contrasted forms, it is often
the direct cause of divergent transformations; while natural selection,
which results in the separate breeding of the fitted through the failure
of the unfitted, can never be the cause of divergence unless there are
concurrent causes that produce both divergent forms of natural selection and the separate breeding of the different kinds of variations thus
selected.
Suetudinal intension.- Another law is usually believed to be connected
with endeavor which, if it exists, must conspire to enhance its tendency
to produce divergent evolution. I refer to the influence which the
habitual endeavor of the parents has on the inherited powers of the offspring. We may call it the law of endowment of offspring according to
the exercise or endeavor of parents, or, more briefly, suetudinal intensio11.
The inherited effects of use and disuse have been fully recognized by
Darwin, Spencer, Cope, Murphy, and others, and need not here be discussed. Tl1e one point to which I wish to call attention is, that in order
that diversity of use should produce divergent evolution, it is necessary
that free crossing should be prevented between the different sections of
the species in which the diversity of use is found. Now this condition
of separate breeding is often secured by industrial segregation. In
other words, the law of endeavor, according to endowment, often secures separation according to endowment, and this gives an opportunity
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for the inheritable effects of diversity of endeavor to be accumulated in
successive generations, and in this way both laws conspire to produce
divergent evolution.
In the relation of these two factors we have a striking example of
the peculiar interdependence of vital phenomena. Diversity of endowment is the cause of diversity of endeavor and of segregate breeding,
and diversity of endeavor with segregate breeding is the cause of
increased diversity of endowment. It is very similar to the relatiou
between power and exercise in the individual. Without power there
can be no exercise, and without exercise there can be no continuance
or growth of power.
We therefore see that the effects of industrial segregation are
specially liable to be enhanced by that form of intensive segregation
which I have suggested should be called suetudinal intension.
Simple and familiar as the principles of industrial segregation and
suetudinal intention may seem, their consistent application to the
theory of evolution will throw new light on a wide range of problems.
This law of divergent evolution through industrial segregation rests
on facts that are so fully acknowledged by all parties, that it seems to
be a superfluous work to . gather evidence on the subject. It may
however be profitable to consider briefly whether the cases are frequent
in which different habits of feeding, of defense, or of nest-building
become the cause of separate breeding by which the same habits are
maintained in one line of descent without serious interruption for many
generations. rt is important to remember, (1) that the separate breeding will arise with equal certainty whether the diversity in the habits
has been initiated by original diversity in the instinctH and adaptations
of the different variations, or by the crowding of population inducing
special efforts to find new resources, and leading to diversity of
endeavor; and (2) that in either case the result is what is here called
industrial segregation. In the first case the process is directly segregative, while in the second case it is primarily separative, but (according
to the principle discussed in the second section of last chapter) inevitably passes into segregate breeding. Suetudinal intention, or divergent
evolution through diversity of use, will operate as surely in the one
case as in the other.
1. Sustentational segregat'ion arises from the use of different methods
of obtaining sustentation by members of the same species.
There can be no doubt that of the innumerable cases where phytophagic varieties (as they are sometimes called) of insects exist, a considerable proportion would be found on investigation to be permanent
varieties producing offspring that are better adapted to the use of the
special form of food consumed by the parents than are the offspring of
other varieties; and it is evident that if the peculiar habits of each
variety had no tendency to prod nee segregative breeding this result
would not be reached; for each variety would be promiscuously min-
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gled with every other, and, though the tendency .to variation might be
greatly increased, the regular production of any one variety of young
would be prevented.
A large mass of facts could be easily gathered illustrative of sustentational segregation; but as the principle will probably be denied by
no one, we Rbonld pass on without further expansion of this part of
the subject.
2. Protectionctl segregation is segregation from the use of different
methods of protection against adverse influences in the environment.
When a new enemy enters the field occupied by any species different
methods of escape or defense are often open to the members of the
one species, and the use of these different methods must sometimes
result in the segregation of the members according to the methods
adopted. Some may hide in thickets or holes,while others preserve
themselves by :flight. Supposing the species to be an edible butterfly
obcupying the open fields, and the new enemy to be an insectivorous
bird also keeping to the open country, certain members might escape
by taking to the woodlands, while others might remain in their old
haunt, gaining through protectional selection more and more likeness
to some inedible species.
3. Nidificational segregation.-Let us now consider the effects of
divergent habits in regard to nest-building. It is well known to
American ornithologists that the cliff swallow of the eastern portions
of the United States has for the most part ceased to build nests in the
dift's that were the original haunts of the species, and has availed itself
of the protection from the weather offered by the eaves of civilized
houses; and that with this change in nest-building bas come a change
in some of its other habits. Now there is reason to believe that if the
number of houses had been limited to a huudredth part of those now
existing, and if that limited number had been very slowly supplied,
this gradual change in some of the elements of the environment would
have resulted in divergent forms of adaptation to the environment in
two sections of the same species. Oue section would have retained the
old habit of building in the cliffs, with all the old adaptations to the
circumstances that depend on that habit; while another section of the
species would have availed itself of the new opportunities for shelter
under the eaveR of houses, and would have changed their inherited
adaptations to meet the new habits of nest-building and of feeding.
It is also evident that the prevention of free inter-breeding between the
different sections caused by the diversity of habits would have been
an essential factor in the divergence of character in the sections.
It simply remains to consider whether the industrial habit that separates an individual from the mass of the species will necessarily leave
it alone, vdthout any chance of finding a consort that may join in producing a new intergenerant. The answer is that there is uo such
necessity. Though it may sometimes happen that an individual may
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be separated from all C011Lpanions by its industrial hal>it, it is usually
found that those that at one time and one place adopt the habit are
usually sufficient to keep up the new strain, if they succeed in securing
the needed sustenance.
(b) Chronal segregation.

is segregation arising from the relations in which tlte organism stands
to times and seasons.
I distinguish two forms-cyclical and seasonal segregation.
4. Cyclical segregation is segregation arising from the fact that the
life cycles of the different sections of the species do not mature in the
same years.
"
A fine illustration of this form of segregation is found in the case of
Cicada septemdecim, whose metropolis is in Virginia, Maryland, and
Delaware, though ma11y outlying broods are found in other regions
east of the Mississippi River. The typical form has a life-cycle of seventeen years, but there is a special race (Cicada, tredecim, Riley) that is
separated from the typical form, both locally and chronally. As the
life-cycle of this race is thirteen instead of seventeen years, even if occupyiug the same districts and breeding at exactly the same season,
inter- breeding could occur between the two forms only once in two hundred and twenty-one years, or once in thirteen generations of the longer
lived race, and ouce in seventeen generations of the shorter lived race.
During the year 1885 the two races appeared simultaneously. The opportunity for testing whether they would freely interhreed if brought
together has therefore passed not to return till the year 2106; but the
distribution of the two races in different districts seems to indicate
that local segregation has had an important influence in the development of the race. It is manifest, however, that if during a period of
local separation, or if during the period of two hundred and twentyone years of cyclical separation after the thirteen-year race was first
formed, this race should become modified in the season of its appearing, there would after that be no mingling of race, though brought together in the same districts. This would be seasonal segregation,
which we shall consider in the next section; but what is of special interest here, as an ·example of complete cyclical segregation, is the fact that
at Fall River, Mass., there is a brood of the septemdecim form, due a
year later than the universal time of appearing.*
In any species where the breeding of each successive generation is
separated by an exact measure of time which is very rigidly regulated
by the constitution of the species, cyclical segregation will follow, if
through some extraordinary combination of circumstances, members
*See statement by Prof. C. V. Riley, in Science, vol. vr, p. 4. For particulars concerning the distribution and habits of this species, see a paper by Prof. Riley, read
before the Biological Society of Washington, May 30, 1885, <'xtracts from which are
given in Scicncr, vol. v, p. 518.
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Rufficient to propagate the species are either hastened or delayed in
their development, and thus thrown out of synchronal compatibility
with the rest of the species. If, after being retarded or hastened iu
development so that part of a cycle is lost or gained, the old constitutional time measure reasserts itself the segregation is complete.
So far as this one point relating to the time of maturing is concerned
the constitutional difference is segregative, while in every other respect
it will be simply separative, except as separation passes into segregation. The Fall River brood of Cicada septemdecim being entirely separated from all other broods of the same race by being belated a year
may be modified by forms of natural selection that never arise in these
other broods. And this may be the case even if a brood observing the
ordinary time is aiways associated with it in locality.
5. Seasonal segregation is produced whenever the season for reproduction in any section of the species is such that it can not interbreed
with other sections of the species. It needs no argument to show that
if in a species of plant that regularly :flowers in the spring, there
arises a variety that regularly :flowers in the autumn, it will be prevented from interbreeding with the typical form. The question of chief
interest h;, Under what circumstances are varieties of this kind likely
to arise~ Is a casual sport of this kind ]jkely to traiJSmit to subRequent gm1erations a permanently changed constitution~ lf not, how
is the new constitution acquired~ One obvious answer is that it may
arise under some special in:f:lueilce of the environment npon members
of the species that are geographically or locally segregated from the
rest of the species.
But may not the variation in the season of :f:loweri11g be the cause of
segregation that will directly tend to produce greater variation in that
respect in the next generation, and so on till the divergence in the constitutional adaptation to season is carried to the greatest extreme that
is compatiBle with the environment~ I believe that it not only may
but must have that effect; but we should remember that the average
form which :flowers at the height of the season will so vastly predominate over the extreme forms that the latter will be but stragglers in
comparison.
In regard to the one point of the season of readiness for propagation
this principle is segregative; but in other respects it is simply separative, lmless through the principle of correlated variation other characters arc directly connected with the constitution that determines the
season. It will be observed that seasonal segregation is produced by
a parallel and simultaneous change in the consiitution of members in
one place sufficient to propagate the species; while cyclical segregation
iS produced by a simultaneous acceleration or retardation in the development of members in one place sufficient to propagate the species
without disturbing the regular action of the con8titution under ordinary circumstances.

302

DIVERGENT EVOLUTION THROUGH SEGREGATION.

(c) Spcttial segregation

is segregation arising from the relations in which the organism stands
to space.
I distinguish two forms, viz: geographical and local segregation.
Geographical segrega.tion is segregation that arises from the distribution of the species in districts separated by geographical barriers that
prevent free inter-breeding. Decided differences of climate in neighboring districts and regions may be classed as geographical barriers.
Local segregation is segregation that arises when a species with small
powers of migration and small opportunities for transportation bas
been in time very widely distributed over an area that is not subdivided by geographical barriers. The segregation in.tbis case is due to
the disproportion bet,veen the siz~ of the area occupied and the powers
of communication existing between the members of the species occupying the different parts of the area. Though it is often difficult to
say whether a given case of segregation should be classed as geographical or local, still the distinction will be found useful, for the results
will differ according as the segregation is chiefly due to barriers or to
wide diffusion of the SI)ecies. In geographical segregation the result
is usually the development of well-defined varieties or species on opposite sides of the barriers; but in local segregation it often hap11ens that
the forms found in any given locality are connected with those in surrounding localities by individuals presenting every shade of intermediate character; and in general terms it may be said that the forms
most widely separated in space are most widely divergent in character. It is of course apparent that when the divergence has reached a
certain point, the differentiated forms may occupy the same districts
without inter-breeding, for they will be kept apart by some, if not all,
of the different forms of industrial, chronal, conjunctional, and impregnational segregation.
Three different forms of spatial segregation may be distinguished
according to the causes by which they are produced, viz:
6. Migrational segregation, caused by powers of loeomotion in the
organism.
7. Transportational segregation, caused by activities in the environment that distribute the organism in different districts (prominent
among these are currents of atmosphere and of water, and the action of
migratory species upon those that can simply cling).
8. Geological segregation, caused by geological changes dividing the
territory occupied by a species into two or more sections. For example, geological subsidence may divide the continuous area occupied by
a species into seve.ral iRlands, separated by channels which the creatures
in question can not pass.
Migration difl'ers from transportation simply in that the former is the
direct result of activities in the organism, and the latter of activities
in the environment; and though the distribution of every species de-
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pends on the combined action of both classes of activities, it is mmally
easy to determine to which class the carrying power belongs. The
qualities of the thistle down enable it to float in the air, but it is the
wind that carries it afar.
Some degree of local segregation exists whenever the members of a
species produced in a given area are more likely to interbreed with each
other than with those produced in surrounding areas, or whenever
extraordinary dispersal plants a colony beyond the range of ordinary
dispersal. In other words; when those produced in a given district are
more nearly related with eCIJch other than with those produced in. sur~
rounding distriets, there local segregation has existed.
'rhere is one important respect in which spatial segregation differs;
from all other f'orms of en-vironal segregation, namely, in its ordinary
opetation it doe~ not depend directly upon diversity in the qualities and
powei'S of the organism. The dispersion of the members of a species
wotdd tlot be prevented if each was exactly like every other; though
of cotu'se if there were no power of variation, separate breeding would
have no influence in producing divergence of character. It follows that
every species is-or is more or less liable to be-affected by spatial
segregation; and it often happens that other forms of segregation arise
through the previous operation of this form; but as spatial segregation
prevents organisms from crossing on1y when separated in space, it must
always be re-enforced by other forms of segregation before well-defined
species are produced that are capable of occupying the same district
without inter-breeding. The vast majority of the divergent forms arising
through local segregation are re-integrated with the surrounding forms,
new divergences constantly coming in to take the place of the old; but
if, duriilg its brief period of local divergence, industrial or chronal
segregation is introduced, the variety becomes more and more differentiated, and, as one after another the different forms of reflexive segregation arise, it passes into a well-defined species. There is however
reason to believe that the order of events is often the reverse, reflexive
forms of segregation being the cause of the first divergences.
As spatial segregation does not depend upon diversity in the qualities and powers of the organism, so also it does not usually result in
distributing the organism in different localities according to their differences of endowment. The causes that produce it are primarily
separative, not segregative.
Migration is produced by the natural powers of the organism, acting
under the guidance of instincts that usually lead a group of individuals,,
capab1e of propagating the species, to migrate together; while the,
organisms that are most dependent on activities in the environment for
their distributiorl, are usually distributed in the form of seeds or germs,
any one of which is capable of developing into a complete community.
The causes of separation between the different sections, and of integratim). between the members of one section, are therefore . sufficiently
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clear, but what are the causes of difference of character in the diffP-rent
sections, especially when they are exposed to the same environment1
These causes all come under what I call intensive segregation, which,
for the sake of saving repetition, will be fully discussed in a separate
paper.
(d) Fertilizational segregation.
Since writing this chapter on environal segregation I have seen
Francis Galton's short article on ''The Origin of Varieties," published
in Nature, vol. XXXIV, p. 395, in which he refers to a cause of segregation that had not occurred to me. He says: "If insects visited promiscuously the flowers of a variety and those of the parent stock, then,
supposing the organs of reproduction and the period of flowering to be
alike in both and that hybrids between them could be produced by
artificial cross-fertilization, we should expect to :find hybrids in abundance whenever members of the variety and those of the original stock
occupied the same or closely contiguous districts. It is hard to account
for our not doing so, except on the supposition that insects feel repugnance to visiting the plants interchangeably."
!J. Following the form of nomenclature adopted in this paper, I venture to call this principle ferUlizational segrega,tion.
It is evident that segregation of this form depends on divergence of
character already clearly established, and therefore on some other form
of segregation that has preceded. It is also segregative rather than
separative, in that it perpetuates a segregat.ion previously produced,
which might otherwise be obliterated by the distribution of the different forms in the same district. The form of segregation that precedes
fertilizational segregation, producing the conditions on which it depends, must, from the nature of the case, be local segregation. Chronal
and impregnational segregation, when imperfectly established, might
be fortified by fertilizational segregation; but., in the case of plants,
these are all dependent on previous local segregation.
(e) Artificial segregation.

Artificial segregation is segregation arising from the relations in
which the organism stands to the rational environment. As the operation of this cause is familiar, and as it was considered in the last chapter when discussing the effects of segregation, we pass on, simply
ca.lling attention to the fact that it is a form of environal segregation.
THE IMPOR/I'ANCE OF ENVIRONAL SEGREGATION.

We must not assume that the various forms of environal segregation
are of small influence in the formation of species lfecause sexual or
impregnational incompatibility is a more essential feature, without
which all other distinctions are liable to be swept away. The importance of the forms of segregation discussed in this chapter lies in the fact
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that they often open the way for the entrance of the more fundamental
forms of segregation, even if they are not essential conditions for the
development of the same. Though myriads of divergent forms produced by local and industrial segregations are swept away in the struggle for existence, and myriads are absorbed in the vast tides of crossing
and inter-crossing currents of life, the power of any species to produce
more and more highly adapted variations, and to segregate them in
groups that become specially adapted to special ends, or that grow into
specific forms of beauty and internal harmony, is largely dependent on
these-factors.
CHAPTER

IV.

DESCRIPTION AND CLASSIFICATION OF 1'HE CAUSES OF CUMULA1'IVE
SEGREGATION

(continued).

B. REFLEXIVE SEGREGATION.

Reflexive segregation is segregation arising from the relations in
which the members of one species stand to each other.
It includes three classes, which I call conjunctional, impregnational,
and institutional segregation.
It is important to observe thatintergeneration requires compatibility
in all the circle of relations in which the organism stands; but, in order
to insure segregation between any two or more sections of a species, it
is sufficient that incompatibility should exist at but one point. If
either sexual or social instincts do not accord, if structural or dimensional characters are not correlated, if the sexual elements are not
mutually potential, or if fixed institutions hold groups apart, intergeneration is prevented, and se-generation is the result, either as
segregation, or as separation that is gradually transformed into segregation.
(a) Conjunctiona,l segregation.
Conjunctional segregation is segregation arising from the instincts
by which organisms seek each o~her and hold together in more or less

compact communities, or from the powers of growth and segmentatiOn
in connection with self-fertilization, through which similar results are
gained.
I distinguish four forms, social, sexual, germinal, and floral segregation.
10. Social segregation is produced by the discriminative action of
social instincts.
The law of social instinct is preference for that which is familiar i~
one's companions; and, as in most cases the greatest familiarity is
gained with those that are near of kin, it tends to produce breeding
within the clan, which is a form of segregate breeding. If the clan
never grows beyond the powers of individual recognition, 01' if the
H. Mis. 334, pt. 1--20
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numbers never become so great as to impede earh other in gaining sustmtauce, t,h ere will be but little occasion for segregation; but multiplieation will lead to segmentation. Wherever tile members of a
species, ranging freely over a given area, divide up into separate herds,
flocks, or swarms, of which the members produced in any one clan
breed with each other more than with others, there we have social
segregation.
It should always be kept in mind that social segregation arises at a
very early stage, holding apart groups not at all or but very slightly
differentiated; while in the case of many animals, the eager sexual
instincts of the males constantly tend to break up these minor groups.
Though the barriers raised by social instincts are often broken over,
their influence is not wllolly overcome; and in many instances the social
segregation becomes more and more pronounced, till in time decided
sexual segregation comes in to secure and strengthen the divergence.
11. Sexual segregation is produced by the discriminative aetion of
sexual instincts.
There can be no donut that sexual instincts often differ in such a
way as to produce segregation. But how shall we account for these
differences? In the case of social segregation tllere is no difficulty, for
it seems to be, like migration, due to a constant instinct, always tending to segregation. We also see that an endowment which prevents
the destruction of the species through the complete isolation of individuals, and which co-operates with migrational instincts in securing
dispersal without extinction, may be perfected by the accumulating
effects of its ow11 action. And is there any greater difficulty in accounting for tlte law til at regulates sexual instincts? If it can be
shown that vigor and variation, the conditions on which adaptation
depends, are in their turn dependent on some degree of crossing, there
will be uo difficulty in attributing the development of an instinct that
secures the crossing to the superior success of the individuals that
possess it in even a small degree. On the other hand, whenever there
arises a variety that can maintain itself by crosses within the same
variety, any variation of instinct that tends to segregation will be
preserved by the segregation. It needs no experiments to .p rove that
if the members of a species are impelled to consort only with the
members of other species, they will either fail to leave offspring or
their offspring will fail to inherit the characteristics of the species.
The same is true concerning the continuance of a variety that is not
otherwise segregated. The power of variation on the one hand, and
the power of divergent accumulation of variations on the other hand,
are prime necessities 1or creatures that are wresting a living from a
vast and complex environment; and tile former is secured by tile advantage over riYals possessed by the variations that favor crossing,
and the latter by the better eseape from the swamping effect, and
sometimes from the competition of certain rivals, secured by tile more
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segregative variations. We must therefore believe that whenever in
tlJe history of an organism there arise segregative variations which are
able to secure sufficient sustentation and propagation to continue the
species, the segregative quality of the forms thus enflowed will be
preserved and accumulated through the self-accumulating effect of the
segregative endowments.
It is probable that in many of the higher vertebrates sexual instincts
tend to bring together those of somewhat divergent character, but the
difference preferred is within very narrow limits, and beyond those
limits 7 it may be said that the general law for sexual attraction is that
it varies inversely as the difference in the--characters of the races represented, if not inversely as some power of such difference. The action
of such a law is necessarily segregative, whenever the divergence has,
through other causes, passed beyond the limit of higher attraction.
13efore sexual segregation can arise there must arise distinctive characteristics by means of which the members of any section may discriminate
between those of their own and other sections. If there are no constant characteristics there can be no constant aversion between members
of different groups, no constant preference of those of one's own group.
From this it follows, that before sexual segregation can arise, some
form of segregation that is not dependent . on accumulated divergence
of character must have produced the divergence on which the sexual
segregation depends. Such forms are local, social, and some kinds of
industrial segregation. When varieties have arisen through these
causes it often happens that sexual segregation comes in and perpetuates the segregation which the initial causes can no longer sustain.
As long as the groups are held apart by divergent sexual instincts, it
is evident that· divergent forms of sexual selection are almost sure to
arise, leading to a further accumulation of the divergence initiated by
the previous causes.
If there is any persistent cause by which local and social groups are
broken up and promit:lcnously intermiugled before recognizable characters are gained, the entrance of sexual segregation will be prevented.
I therefore eonclude that the chief influence of this latter factor is
found in its prolonging and fortifying the separate breeding of varieties that have arisen under local, social, or industrial segregation, and
in thus continuing the necessary condition for the development of
increasingly divergent forms of intensive segregation, under which the
organism passes by the laws of its own vital activity when dealing with
a complex environment in groups that never cross.
12. Germina,l segregation is caused by the propagation of the species
by means of seeds or germs any one of which, when developed, forms
a community so related that the members breed with each other more
fi:·equently than with the members of other communities. If the constitution of any species is such that the ovules produced from one seed
are more likely to be reached and fertilized by pollen produced from
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the same seed than by pollen produced from any other one seed, then
germinal segregation is the result.
In order to secure this kind of segregation it is not necessary that
the flowers fertilized by polJen from the same plant should be more
fertile, or the seeds capable of producing more vigorous plants than the
flowers fertilized by pollen from another plant. All that is required is
that of the seeds produced a larger number shall be fertilized by the
pollen of the same plant than by the pollen of any other one plant.
This form of segregation is closely related to local segregation on one
side, and to social segregation on the other. It however differs from
the former in that it does not depend on migration or transportation,
and from the latter in that it does not depend on social instincts.
13. Floral segregation is segregation arising from the closest form of
self-fertilization, namely, the fertilization of the ovules of a flower by
pollen from the sa.me flower.
Many plants that in their native haunts are frequently crossed by
the visits of insects depend entirely on self-fertilization when transported to ·other countries where no insect is fou11d to perform the same
Rervice for them. The common pea (Pisum sativum) is an example of
a species that habitualJy fertilizes itself in England, though Darwin
found that it was very rarely visited by insects that were capable of
carrying the pollen.* Darwin also mentions Ophrys ltpifera as an
orchid which "has almost certainly been propagated in a state of
nature for thousands of generations without having been once intercrossed."t
A fact of great importance in its bearing on the origin of varieties
should be here noted. Any variation, arising as a so-called sport, in
any group of plants where either of these principals is acting· strongly,
will be restrained from crossing, and will be preserved except in so far
as reversion takes place. Now there is always a possibility that some
of the segregating branches of descent will not revert, and that
through the special character which they possess in common, they will
some time secure the services of some insect that will give them the
benefit of cross-fertilization with each other without crossing with
other varieties. ~rhe power of attaining new adaptations may be
favored by self-fertilization, occasionally interrupted by inter-breeding
with individuals of another stock; for the latter is favorable as introducing vigor and variation, and the former as giving opportunity for
the accumulation ot variations.
(b) I mpregnational segregation.

Impregnational segregation is due to the different relations in which
the members of a species stand to each other in regard to the posflibility of their producing fertile offspring when they consort together.
-

--------- ---------------

'" See "Cross and self-fertilization in the vegetable kingdom," p. 161.

t See ibidem.1 }). 439.
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In order that impregnational segregation should be establi8hed and
perpetuated it is necessary: First, that variation should arise from
which it results that those of one kind are capable of producing vigorous and fertile offspring in greater numbers when breeding with each
other than when breeding with other kinds; second, that mutually
compatible forms should be so brought together as to insure propagation through a series of generations. In order to secure this second
condition it is necessary .that, in the case of plants, there should be
some degree of local, germinal, or floral segregation, and in the case of
animals that pair, either pronounced local segregation, or partial local
segregation supplemented by social or sexual segregation. The first
of these factors I call negative segregation, as contrasted with all
other forms of segregation, which I group together as positive segregation.
Of each form of segregation which we have up to this point considered, the segregating cause has been one that distributes individuals
of the same species in groups between which free inter-generation is
checked; while the propagation of the different groups depends simply
on the original capacity for inter-generating common to all the memberH
of the species. The inter-crossing has been limited not by the capacity
but by tlw opportunity and inclination of the members. Coming now
to cases in which the lack of capacity is the cause that checks the production of mongrels, we find a dependence of a very different kind; for
to insure the propagation of the different groups it is not enough that
the general opportunity for the members to meet and consort remains
unimpaired. There must be some additional segregating influence
bringing the members together in groups corresponding to their segregate capacity, or they will fail of being propagated.
A partial exception must be made in the case of potential and
pre-potential segregation, the latter being due to the pre-potency of
the pollen of a species or variety, on the stigma of the same species
or variety and the former to the complete impotence of the foreign
pollen. When allied species of plants are promiscuously distributed over the same districts, and flowering at the same time, pre-potency of this kind is one of the most direet and efficient causes of
segregate breeding. The same must be true of varieties similarly distributed whenever this character begins to affect them. In the case,
however, of dirncious plauts and of plants whose ovules are incapable of
being impregnated by pollen from the same plant, no single plant call
propagate the species. If therefore the individuals so varying as to
be pre-potent with each other are very few and are evenly distributed
amongst a vast number of the original form, they will fail of being
segregated through failing to receive any of the pre-potent pollen. It
is thus apparent that when the mutually pre-potent form is represented
by comparatively few individuals, their propagation without crossing
will depend on their being self-fertile and subject to germin~l or tJoral
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segregation, or on their bei11g brought together by some or other form
of positive Negregation.
When a considerable number of species of plants are commingled
and are :flowering at the same time, their separate propagation is preserved, in no small degree, by the pre-potential segregation of those
that are most nearly allied, and by the complete potential segregation
of those that belong to different families, orders, and classes. The
same principle must come in to prevent the crossing of different species, genera, families, and orders of animals whose fertilizing elements
are distributed in the water. We must therefore consider it a form of
positive as well as negative segregation; for the free distribution of the
fertilizing element, with the superior affinity of the two sexual elements
when produced by those that are mutually pre-potential, secures the
inter-breeding of those that are mutually pre-potential.
Impregnational segregation generally exists between the different
species of the same genus, almost always between species of different
genera, and always between species of different families, order:;, classes,
and all groups of higher grade. And in all these cases it is associated
with other forms of segregation, and whenever it has once become
complete, it has never been known to give way. Though complete
mutual sterility never gives place to complete mutual fertility, i u every
case where the descendants of the same stock have developed into different classes or orders, and in most cases where they have developed
into different families of genera, the reverse process has takeu place,
and complete mutual fertility has given place to complete mutual sterility.
Under impregnational segregation I distinguish :five principles,
namely, segregate size, segregate structure, potential and pre-potential
segTegation, segregate fecundity, and segregate vigor.
14. Segregate size is caused by incompatibility in size or dimensions.
As familiar i1lustrations of this form of segregation, I may mention
the following: The largest and smallest varieties of the ass may run iu
the same pasture without any chance of crossing. I have also kept
J apanesc bantam fowls in the same yard with other breeds ·w ithout any
crossing:. In many other species individuals of extreme divergence in
size are iucapable of inter-breeding.
15. Seg1·e,qate str1wture is caused by the lack of correlation in the proportionate size of dift'erent organs all(l by other incompatibilities of
structure.
Darwin suggests that the impossibility of a cross between certain
species may be due to a lack of correspondence in length of the vollen
tubes and pistils. Such a lack of harmony would perhaps account for
dift'erence of fertility in reciprocal crosses.
Segregate structure does not usually arise till other forms of segregation Jtaye become so well established that difference of structure does
not make any essentjal difference jn the amount of inter-generation.
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It is not however impossible that species that would otherwise be fertile inter sc are thn~ held apart. ln Broca'~ \York on "Human IIybridity
there is a pa~sage quoted from rrof. Serre~, showing that it is
very possible that this form of incompatibility may exist between certain races of man.
16. Potential segregation an(l pre-potential segregation.-These are
caused by more or less free distribution of the fertilizing element,
together with the greater rapidity and power with which the sexual
elements of the same species, race, or individual combine, as contrasted
with the rapidity and power with which the elements of different species, races, or individuals combine. Potential segregation is caused
by the mutual impotenee of the eontrasted forms, as is always the
ease between different orders and classes, and pre-potential segregation
is caused by the superior infiuence of the fertilizing element from the
same speeies, race, or individual, as eontrasted with that from any
other species, raee, or individual, when both are applied to the same
female at the same time, or sometimes when the prepotent element is
applied many hours after the other.
For the operation of this principal the fertilizing element from different males must be brought to the same female.
When pollen from a contrasted genus, order, or c1ass has no more
effect than inorganic dust, it seems appropriate that we should call the
result potential segregation rather tllan pre-potential segregation, wl1ich
implies that the foreign as well as the home pollen is capable of producing impregnation. Pre-potential segregation may be considered the
initial form of potential segregation, the former passing through
innumerable grades of intensity in the latter. We may therefore cousider the principles as fundamentally one, though it will be convenient
to retain both nameR.
The importance of this principle in producing and preserving the
diversities of the vegetable kingdom can hardly be overstated. lf
pollen of every kind were equally potent on every stigma what wou]d
the result be~ vVhat distinctions would remain~ And if potential
Regregation is necessary for the preservation of distinctions, is it not
equally necessary for their production~ Amougst water animals that
do not pair the same prineiple of segregation i~ probably of equal importance. Coneerning this form of segregation many questions of great
interest suggest themselves, answers to which are not found in any
investigations with which I am acquainted. Some of these questionR
are as follows :
(1) Are there many cases of pre-potential as well as of potential segregation between different forms of water animals~
(2) Is pre-potential segregation always aecompanied uy segregate
feeundity and segregate vigor?

"*

* English tmnslation published l1y the AntJuopologi.cal Society of London, p. 28.

312

DIVERGENT EVOLUTION THROUGH SEGREGATION.

(3) If not always associated, which of the three principles first
appears, and what are their relations to each other~
(4) When allied organisms are separated by complete environal segregation are they less liable to be separated by these three principles~
Darwin has in several places referred to the influence of pre-potency
in pollen, and in two places I have found reference to the form of prepotency that produces segregation; but I find no intimation that he
regarded this or any other form of segregation as a cause of divergent
evolution, or as a necessary condition for the operation of causes producing divergent evolution. The effect of pre-potency in pollen from
another plant in preventing self-fertilization is considered in the tenth
chapter of his work on" Cross and self fertilization in the vegetable
kingdom," pp. 391-400. Some very remarkable observations concerning the pre-potency of pollen from another variety from that in which
the stigma grows, are recorded in the same chapter; but no reference is
there made to the effect that must be produced when the pollen of each
variety is pre-potent on the stigma of the same variety. In the sixteenth chapter of "Variation under Domestication" it is suggested
that pre-potency of this kind might be a cause of different varieties of
double hollyhock reproducing themselves truly when growing in one
bed; though there was another cause to which the freedom from crossing in this case had been attributed. Again, in chapter viii of the
fifth edition* of the " The origin of species," iu the section on "The
origin and causes of sterility," Darwin, while maintaining that the
mutual sterility of species is not due to natural selection, refers to prepotency of the kind we are now considering as a quality which, occurring in ever so slight a degree, would prevent deterioration of character, and which would therefore be an advantage to a species in the
process of formation, and accordingly subject to accumulation through
natural selection. In order to construct a possible theory for the introduction of sterility between allied species by means of natural selection, he finds it necessary simply to add the supposition that sterility
is directly caused by this pre-potency. He however for seyeral reasons
concludes that there is no such dependence of mutual sterility on the
process of natural selection. Concerning the pre-potency he makes no
reservation, and I accordingly judge that he continued to regard it as
strengthened and developed through the action of natural selection.
It is concerning this last point that I wish to give reasons for a different opinion. I believe that qualities simply producing segregation
can never be accumulated by natural selection, for(1) When separate generation comes in between two sections of a
species they cease to be one aggregate, subject to modification through
the elimination of certain parts. Both will be subject to similar forms
of natural selection only so long as the circumstances of both and the
·' Since my comments on thiR passage w er e written, I have discovered that Darwin
has omitted it from the sixth edition.
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variations of both are nearly the same, but they will no longer be the
members of one body between which the selecting process is carried
out. On the contrary, if they occupy the same district each group
will stand in the relation of environment to the other, modifying it
and being modified by it, without mutually sharing in the same modification.
(2) Though one may exterminate the other, the change that comes
to the successful group through the contest is not due to its superiority
over the other, but to the superiority of some of its own members over
others.
(3) When any segregate form begins to arise we can not attribute its
success to the advantage of se-generation, for the inter-generp,ting forms
are at the same time equally successful; wherefore it is not the success,
but the separateness of the success, that is due to these-generation.
(4) The continuance of the descendants of a group in a special form
will depend on its segregation, but this is a very different thing from
the special success of its descendants. The preservation of a special
kind of adaptation is never due to natural selection, which is the superior success of the higher degrees of adaptation of every kind.
(5) The power of migration, or any other power directly related to
the environment, may be accumulated by natural selection, and afterward lead to segregation, but, according to my method of judging, the
continuous advantage of segregation over integration can never be
shown, for both are equally essential in the economy of nature; and
though one process may at one time predominate over the other, the
comparative advantage of segregation, if there be such advantage, can
not be the cause of the preservation of forms endowed with segregative
qualities, for they will certainly be preserved as long as they are able
to win a bare existence, which is often a lower grade of success than
the one from which they are passing.
(6) Accordifig to my view, instead of the accumulation of the segregative pre-potency depending on natural selection, the accumulation of
divergent forms of natural selection depends on some form of segregation.
But if the accumulation of pre-potential segregation is not due to
natural selection, how shall we explain it~ It is I think due to the
fact that those forms that have the most of this character are, through
its action, caused to breed together. We have already seen, when
considering seasonal and sexual segTegation, that if segregation is
directly produced by the instincts or physiological constitution of the
organism, there is a tendency toward an increasing manifestation of
the character in successive generations. Those that have but a slight
degree of segregate pre-potency eventually coalesce, forming one
race, while those possessing the same character in a higher degree
remain more distinct, and their descendents become still more segregagate and still more permanently divergent. As long as the segregate
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forms are able to maintain vigor and secure fair sustentation, the process continueR and the separation becomes more pronounced. Of thi:::;
form of the law of cumulative segregation we may say, that as the
descendants of the best :fitted necessarily generate with each other and
produce those still better fitted, so the descendants of those possessi11g
the most segregative endowments necessarily generate with each other
and produce those that are still more segregate.
It may at first appear that a slight degree of pre-potence will prevent
crossing as effectually as a higher degree; but further reflection will
show that the efficiency of the prevention will vary in direct proportion with the length of time over which the pre-potent pollen is able to
show its pre- potence, and this will allow of innumerable grades. If, in
the case of certain individuals, the pre-potency is measured by about
twenty minutes, while with other individuals it enables the })Ollen of
the same variety to prevail, though reaching the stigma an hour after
the pollen of another variety has been applied, the difference in the
degree of segregation will be sufficient to make the persistence of the
latter much more probable than that of the former. This form of
segregation is evidently one of the important causes preventing the
free crossing of different species of plants. It probably has but little
influence on terrestrial animals, but how far it is the cause of segregation among aquatic animals is a question of no small interest, concerning which I have but small means for judging. I have however no
hesitation in predicting that, unless we make the presence of this
segregative quality the occasion for insisting that the forms so affected
belong to different species, we shall find that amongst plants the varieties of the same species are often more or less separated from f>ach
other in this way. I do not know of any experiments that have been
directed toward the determining of this point, but on the general principle that physiological evolution is not usually abrupt, and that race
distinctions are the initial forms under which specific differences present
themselves, I can have no doubt that feeble pre-potence precedes that
which is more pronounced, and that part of this divergence in many
cases takes place, while the divergent branches may be properly classed
as varieties. Another reason for believing that pre-potential segregation will be found on further investigation to exist in some cases
between varieties, is the constancy with which, in the calie of specie~;;,
this character is associated with segregate fecundity and segregate
vigor, which we know are sometimes characteristics of varieties in their
relation to each other. The importance of these latter principles when
occurring in connection with different forms of partial segregation will
now be considered.
17, 18. Segregate fecundity and segregate vigor.-By segregate fecundity I mean neither segregation produced by fecundity nor fecundity
produced by segregation, but the relation in which species or varieties
stand to each other when the inter-generation of members of the
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same species or variety results in higher fertility than the crossing of
different ~pecies or varieties. In like manner segregate vigor is the
relation in which ~pecie~ or varieties stand to each other when the inter-generation of members of the same species or variety produces oft'spring more vigorous than those produced by crossing with other species
or varieties. Integrate fecundity and integrate vigor are the terms
by which I indicate the relation to each other of forms in which the
highest fertility and vigor are produced by cro·ssing, and not by independent generation.
Before discussing these principles through which the influence of
segregation is greatly increased, it will be an advantage if we can gain
some idea of the nature of cumulative fertility in its relations to a law
of still wider import. l refer to the fourfold law of antagonistic increase and mutual limitation between (1) integration, (2) segregation,
(3) adaptation, (4) multiplication-in other words, between (1) general
invigoration and power of variation through crossing, (2) the opening
of new opportunities and independent possibilities, (3) special adaptation to present circumstances, (4) powers of multiplied individualization. Darwin has considered at length the first and third, though I do
not remember that he has anywhere pointed out that their development
is due to a kind of self-augmentation. I believe this is so emphatically
the case that the former might wen be called the law of self-cumulative
vigor, and the latter the law of self-cumulative adaptation. Corresponding to these two laws, I find the additional laws of self-cumulative
segregation and self-cumulative fertility. Darwin's theory, that diversity of natural selection is directly and necessarily dependent on exposure to different external conditions tends to obscure, though not to
deny, the fact that the breeding together of the better adapted, which
causes the increase of adaptation, is due to the different degrees of endowment in the organism, rather than to diversity in the environment,
It is alRo true of segregative endowment and of fertility that they are
necessarily cunmlati ve whenever they belong in different degrees to
members of the same intergenerant that are equally fitted. The cumulation of vigor, as that of adaptation, is I think rightly classed as a
form of selection; for in both cases it depends on the power of the
more highly endowed to supplant the less endowed without allowing·
them_full opportunity to propagate; but the increase of segregative
endmvments and of fertility is due to principles quite different from
this, and differing from each other. The segregative endowments augment through the inherent tendency of the more highly endowed to
breed more exclusively with those of the same form, and therefore in
the long run to breed more exclusively with each other; while the fertility of the more fertile neither drives out the less fertile nor holds
tlw two classes apart, but simply multiplies the oftSllring of the more
fertile, making it sure that in eaeh generation they will predominate.
But all these forms of augmentation correspond, in that they secure
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the breeding together of those possessing higher degrees of the special
endowment, and so increase the average endowment, eithex of the
whole number of the offspring or of the segregated portion. Vigor
increases through the breeding together of the more vigorous, resulting
from their overcoming and crowding out the less vigorous without
allowing them full opportunity to propagate. Adaptation increases
through the breeding together of the better adapted, resulting from
their supplanting their rivals without allowing them full opportunity to propagate. Segregative endowments increase through the
breeding together of the more highly endowed, resulting from the fact
that as long as segregation is incomplete more than half of each generation of pure descent are necessarily the offspring of parents whose
segregative endowments were above the average. Fertility increases
through the breeding together of the more fertile, resulting from the
fact that more than half of each generation are the offspring of parents
of more than average fertility. As the breeding together of the more
vigorous and the better adapted, caused by their superior success,
tends to increase and intensify the vigor and adaptation of successive
generations, so the breeding together of those more highly endowed
with segregative powers, caused by the segregation, tends to strengthen
and intensify the segregative powers in successive generations; and so
the breeding together of the more fertile, caused by the larger proportion of offspring produced by the more fertile, tends to increase the
fertility of successive generations. Among those that would be equa.Uy
productive if equally nourished, the ratio of propagation varies directly
as the degree of sustentation above a certain minimum (and perhaps
below a certain maximum), and therefore directly as the degree of
adaptation that secures this sustentation. This propagation according
to degrees of adaptation to the environment i.~ what I understand by natural
selection. But among those that are equally adapted to the environment the ratio of propagation varies directly as the ratio of fertility.
This propagation according to degrees of fertility is what I call the law
of cumulative fertility. It is not due to different degrees of success, or
to any advantage which the individuals of one form have over those of
other forms; but simply to the higher ratio of multiplication in the
more fertile forms securing the inter-generation of the more fertile. In
connection with natural selection it insures, in the descendants, the predomin(tnce of the better adapted of the more fertile rtnd the more fertile of the
better (tdapted.
At the close of the previous chapter I called attention to the fact
that innumerable local segregations and other imperfect forms of
se-generation are being constantly broken down, partly by the increase
of numbers and partly by the superior fertility and vigor of offspring
produced by crossing·. It seems to be a fundamental law that vigor
and variation in the offspring depend on some degree of diversity of
constitution in the parents, and diversity of constitution that is not
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entirely fluctuating depends on some degree of positive segregation;
therefore vigor and variation depend on the breaking down of incipient
segregations, and on the interfusion of the slightly divergent forms
that had been partially segregated. But in the history of every race
that is winning success by its vigor and variation there is liable to
come a time when some variety, inheriting sufficient vigor to sustain
itself, even if limited to the benefits of crossing with the individuals of
the same variety, becomes partially segregated. As we have already
seen, segregation, in so far as it depends ou the qualities of the orgau·
ism, tends ever to become more and more intense; but, in the very
nature of things, not only will the segregation be for many generations
only partial, but partial segregation, though it may greatly delay the
submerging of different groups in one common group, will never prevent that result being finally reached. Though the siphon that connects two tankR of water be ever so small, the water will in time find a
common level in both tanks, unless there are additions or subtractions
of water that prevent such a result. So, in the case under consideration, final fusion will take place, unless differentiation progresses more
rapidly than the fusion, or some other influence comes in to counteract
the levelling influence of occasional crosses. If, under such conditions,
some branch of the partially segregated variety becomes more fertile
when generating with members of the same variety, and less fertile
when generating with other varieties, a principle will be introduced
tending to strengthen any form of partial segregation that already
exists between the varieties. This principle when co-operating with
partial segregation will produce pure masses of each variety, when,
without the action of this principle, all distinctions would be absorbed
by the crossing. We know that a transition from integrate fecundity
to segregate fecundity usually takes place at a point in the history of
evolution intermediate between the formation of an incipient variety
and a strongly-marked species; and though the causes that produce
this transition may be very difficult to trace, I believe the results that
must follow can be pointed out with considerable clearness and certainty.
Darwin's investigations have shown that in many cases, if not in the
majority, the relation of varieties to each other is that which I have
called integrate fecundity and integrate vigor; that is, the highest
_ fertility is attained when varieties are crossed, and the vigor of offspring thus produced is greater than when the inter-generation is within
the limits of one variety. He, however, gives in "Variation under
domestication," chapter xvi, some s11ecial cases, in which ''varieties
of the same species behave, when crossed, like closely allied but distinct
species;" and remarks that similar cases "may not be of very rare occurreuce, for the subject has not been attended to." The same cases
are also mentioned in all the editions of the ''Origin of Species."*
" See 1st edition, p. 238; 5th eflition, p. 259; 6th edition, p. 258.

318

DIVERGENT EVOLUTION THROUGH SEGREGATION.

The problems that arise in considering the different results produced
by different degrees of positive segregation and segregrate fecundity
are of a nature suitable for mathematical treatment. Before, however,
computing the effects of segregate fecundity when co-operating with
positive segregation, it will be in place to show that it is of itself only
a negative form of segregatiou) having no power to insure the propagation of the varieties thus characterized, though they are fully adapted
to the environment. This is most easily brought to light by considering the effect of a high degree of this quality when positive segregation
is entirely wanting, or when it is sufficient to give simply a chance of
segregate breeding by bringing each individual near to its natural mate.
For example, let us suppose, :first, that a male and a female each of
several allied but mutually sterile species are brought together on one
small island, all other tendencies to positive segregation being removed,
while mutual sterilty still remains; second~ that a male and female when
once mated remain together for the breeding season; and third, that all
find mates. Now, if we have seven species, each represented by one
individual of each sex, what is the probability that all the species will
be propagated~ And what the probability for the propagation of none,
or of but one, or of but two, or of but three of the species~ The answers,
as I have computed them, are a s follows: The probability that none
will be propagated is -H-H-; that one species will be is t!~ g; that two
species -Ifo~i'-6 ; that three species -5..3.0~ll.0- ; that four species 5 ~loi that fiye
species 5 ~! 0 ; that seven species 5 0.1.40 . These numerators are found in
the seventh line of a table that I call the Permutational Triangle. If
we have ten specie~, the probability that in any one trial no species
will match truly and be propagated is ttt~!-3-i; that one species will
match truly and propagate is §~t U-~-%; that ten will is 362t-8 00 • This
means that if 3,628,800 trials are made, one of them '-vill probably be a
case in which each male pairs with the female of the same species, while
1,334,961 will be cases in which none are so matched, and 1,334,960 wiH
be cases in which one pair is so matched. It therefore appears that
more tltan eight-elevenths of the probabilities are against the continuance of more than one of the ten species.
There will perhaps be some hesitation in receiving these figures before
I have given the method by which the results have been reached; but
the necessary length of this paper, even when restricted to the briefest
discussion of general principles, induces me to reserve my computations for another occasion. It is not however necessary to lmve a
complete solution of this problem, in order to reach the conclusion that
the origin of separate races and species depends not only upon their
adaptation to the environment and their mutual sterility when crossing
with each other, but also upon their positive segregation. vVe can
further see (when considering an extreme case, like either of tl1e above
supposed cases) that segregate fecundity, without the aid of positive
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segregation, must lead to extinction.· We have already seen that partial segregation can not by itself prevent the fusion of speeies. It
therefore follows that in order to account for the continuance of divergent races we must suppose either that the segregation is complete or
that the divergent evolution is strong enough to more than counterbalance the influence of the occasional crossing, or that the partial segregation is aided by segregate fecundity or segregate vigor.
Between the members of species belonging to different orders we find
not only complete segregation, but complete sterility when attempts at
crossing are made; but hope of gaining an explanation of how these
characteristics have arisen is found, not in the study of those cases in
which the process has been completed, but in the study of the relations
to each other of species and varieties that are characterized by partial
segregation and mutual sterility, that is not complete. Here again
mathematical analysis will help us in understanding the subject.
Though I have not succeeded in constructing a complete mathematical
representation of all the grades of intermingling that will take place, I
have found a general formula that gives a close approximation to the
proportion in which two species ·will breed pure as contrasted with the
proportion of :first crosses and their descendants that will be produced,
in any case in which the degree of segregation and the ratios of fertility
for the pure and cross breeds are known. As my object is simply to
show under what conditions the pur~ races will continue without being
swamped by crossing, it is not necessary that I should follow the action
and reaction between the three-quarter breeds. I wish however to
call attention to the fact that when the number of the pure forms and
of the half-breeds is constantly decreasing, without a general decrease
in the sum of the descendants, it is evident that the three-quarter breeds
and their descendants are increasing; and when a three-quarter breed
on oue side crosses with a three-quarter breed on the oth~r side, the
offspring will usually be about intermediate between the two species;
therefore, where the two species are equally numerous, if we find that
the pure forms will disappear through fusion, we may expect that the
three-quarter breetls will also disappear through fusion.
In constructing my formula it was found necessary to commence by
placing iu the 1st generation of the half-breeds a more or less arbitrary symbol; for the true symbol in each case is the final one reached
in the nth generation when n is a very high number. The chief intere~:.;t therefore centers in what can be accomplished through the use of
this formula for the nth generatio11. It seems to me to furnish a
method of reaching the final proportion of pure breeding that will be
produced by any form of combination between positive segregation
and segregate fecundity, and to give results that would require thousands of years of continuous experimenting to reach in a,ny other way.
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TABLE I.-.dritlunetical cornpntat-ion, show·i ng the n.urnber of half-breeds as cont?·asted
with the pure-breeds, when ;_90 of each 1:ariety fo;·rn unions anwng themselves and double
with each generat·ion, while the o.ffspring of the la that forrn rnixed unions sirnply equal
the nuntber of the parents by which they are produced, in other w01·ds tohen c = -{0-, M=
2, 1n = 1 (see Table II).
Variety No.1, pure-breeds.

Of what generation.

Half of the
half-breeds.

Tt~~~J~1 ~~er Variety No.2,
one side.

pure-llreells.

1, 000
1·8

A

Initial number- ••.

....................... ..........................

1, 000

1, 800
1·8

A(l·S)

1st generation •.•.

100 .......................

1, 800

3, 240
1•8

A (1·8) 2

2nd generation •••.

260

20

3, 240

8~~2

A (1·8) 3

3nl generation _. _.

532

72

lOth generation _..

35,688

357. 050

18th generation __ .

3,934,725

3\J, 347,272

5,

357·05= (1•8) 10 computed by log.
•·. 357,050
A (l·R) 1o
39, 347·272 = (1•8)18
. ·. 39, 347,272
A (1·8) 8

.

5, 832

ExPLANATION OF TABLE I.-The second generation of the half-breeds is found by
taking ltr of the previous half-breeds, i.e. 100 X -lh = 90, and la of the previous purebreeds (the 11.6 that form mixed unions), minus } 0- of the previous half-breeds (because
}-0- of the half-breeds consort with an eqnal number of pure-breeds, ancl so produce
not half-breeds but three-quarter-breeds), i. e.180-10=170. Adding these two sums
together we have 90 + 170=260=the second generation of half-breeds.
As in this table the computation commences without any half-breeds . the following generations of half-breeds are all a little less than 1~ as large as the corresponding generations of pure-breeds. When, however, we come to the eighteenth generation the difference is less than one in a million, and we may consider the result as
practically corresponding with the formula for the nth generation, given in Table III.
The three-quarter-breeds are obtainecl by multiplying 110 of the previous generation of half-breeds by 2, and adding to the result the sum of the previous generations of three-quarter-breeds. This of course gives a number too large; for some of
the three-quarter-breeds will fail to breed with three-quarter-breeds. A closer
expression of the proportion between pure-breeds and three-quarter-breeds is given
in Tables VII and VIII.
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TABLE II.-P1·eUn~inw·y

Formnla for showing the PToportion of Half-breeds to Pureb1·eeds.

Let R=the ratio of pure breeding, -i.e., the segregation.
Let c =the ratio of cross-breeding.
Ex. When -l1o of the unions are within the limits of tlw species and -/0 of the unions
are with an allied species R= -lb , c = 1.l0 . R will always equall- c.
Let M =the ratio of fertility in each generation for those that breed with t.IJeir
own kind.
Let n~=the ratio of fertility in each generation for the cross-unions and for the
hybrids when breeding together.
Let A= the initial number of individuals representing the pure species when the
computation commences.
Number of individuals representing the pure form.

Number of individuals representing the half-breeds.

=Initial number.
A
= 1st generation.....................
A(RM)
A(RM)2
=2ndgeneration .....................
= 3rd generation ......... ... .. ..... ..
A(RM)3
A(RM) 4
=4th generation .. --·---··· ..........
Substituting (1-c) for R in the 2nd gen., we have
A(M-Mc)2=2nd generation.

1st generation= Acm.
2ndg!lneration= (AcmR+A(RM)c-Acmc)Xm.*
2mlgeneration=(Ac1nR-AC?nc)m+Acm(RM).
2ndgeneration = Acm(R-c)m+Acm(RM).
Substituting in thiR (1-c) for R, we haYe
2nd generation=Acm(1-2c)m+Acm(M-Mc).

'The term AcmR represents the number of half-breeds that form unions among themselves, the
offspring being half-breeds; A (RM)c represents the total number of pure-breeds of the first generation
that formed mixed unions; of these Acme form unions with an equal number of half-breeds, and their
offspring being three-quarter-breeds must be rejected; the remainder, namely A(RM)c-Acmc, form
union~ with the other race, and their offspring are half-breeds of the second generation.
TABLE

IlL-Developed Formula for SegTegation anrl Segregate Fec~tndity, giving the p1·oportion of Half-Breeds to P1t1·e-breeds.
Half-ureetls.

Pure-breeds.

A
= Initialnumber.
A(M-Mc) =1st generation ._ 1sL generation=Amc.
A(M--Mc)2=~ndgen"lration. 2nd generation=Anw(1-2c)m 1-Amn(M-Mc).
A(M-Mc)3=3rd generation . 3rd generation=Amc((l-2c)m) 2 +Acm(M-Mc)(l-2c)m+
Acm(M-Mc)2 .
.A(M-Mc)4= 4th generation_ 4th generation=Amc((1-2c)m) 3 f-Acm( M-Mc)((l -2c)m) 2 +
Acm(M-Mc) 2(1-2c)m+Acm(M-Mc)3.
•
•
_
(((1-2c)m) 3 (_(l -2c)1n) 2 (l-2c)m
4th generatlOn-Amc(M-Mc) 3 M - Mc)3 + (M-Mc)" + (M-Mc) +
(M-Mc) 3 ) ·
(M-Mc)3

A(M-Mc)n~nthgeneration.

nthgeneration=Amc(M-Mc)"- 1

x((

) n-l+ (

)+(

Y+(

Y+

+ 1 ).
( ~1-2c)m)J
M - Mc

First rule.-The pure-breeds of any generation are found by multiplying the previous generation of pnre-breeds by M- Me, and the half-breeils of any generation are
found by multiplying the previous generation of half-breeds by (1-2c)nt and adding
,t_he previous generation of pure-breeds multiplied by em.

H. Mis. 334, pt. 1-21
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Second '/'nle.-The nth generation of pure-breeds=A(M-Mc) "=A(M-Mc)"-1 X
(M-Mc); and the nth grncrntion of half-breeds=Arnc(M-Mc)"- 1 multiplied by the

. 1
sum ;s of the senes

. .
+ (1-2c)m
M _Me + .... , contammg
as many terms as t h a t · expresse d

by the number of the generation, i. e., containing .'/1. terms, of which the first is 1;
H
me
(
(1-2c)m
)
.
. ·.P=M-Mc;s 1 + M-Mc+ · · · · ; H bemg the number of half-breeds, and

P being the number of pure-breeds.
Thil'cl1·ule.-To correct this formula, so that it shall indicate the proportions that
will result when the relatiYe vigor of pure and cross breeds is considered, we must
substitute MV for M, and mv for 1n; V being the proportion of each generation of
pure breetls that grow to maturity and propagate, and v being the proportion of
half-breeds that do the same.
METHOD 01!' USING TABLE III.

By supposing n to be an indefinitely high number, and by giving
different values to J\1:, m, and c, we shall have the means of contrasting
the number of the pure-breeds with that of the half-breeds, when the
process has been long continued under different degrees of positive
segregation and segregate fecundity.
In the first place, let us take a case in which there is no segregate
fecundity, that is M=m; and for convenience in computation let us
make M=1, m=l. In every case where 'in iH not larger than M the
.
f
.
. (1-2c)m .
f ractwn M:-.:::.... J.\1c IS 1ess than umty, and the sum o the geometncal
progression of our formula will fall within the limits of a number that
can be easily computed by tl)_e well-known formula S= ~q, in which

1

q
is the fraction we are now considering. Supposing c=-l-0 , the fraction
. _ (1 --1~0 ) 1
a
1
9
w1ll be 1 _ _1 _ = !=q, .·. S= 1 _q becomes S= 1 _ _a= 9 _ 8 =9. This
10
9
number 9 is therefore equal to the sum of this progression and can,
therefore, be usecl as the value of the infinite progression in the formula
for the nth generation when n is a very high number. Substituting
these values we find that the nth generation of the half-breeds equal~
the nth generation of the pure forms, each being equal to --{-0 of A
(M-Mc)n-1. A (M-Mc)n-1 is a vanishing quantity, for M-Mc is less
than 1. Every form is therefore in time fused with other forms. But
let us try higher degrees of segregation. If we make C=>Ttro or 1010 0 ,
we still find that half-breeds=pure-breeds, while the latter are constflntly decreasing, which shows that imperfect positive segregation,
without the aid of some quality like segregate fecundity, can not prevent a species being :finally fused with other species as long as the
whole number of each successive generation does not increase.
Let us now consider cases in which the Segregation is incomplete, but
Segregate Fecundity comes in to modify the result. Let M=2, m=l,
C=-1\ 5• Substituting these values in our .i?rmula., we shall find that
a is the first number of the progression, which in this case is 1, and
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the sum of the infinite progression is t-=tl And M-Me=t!, which
makes the half-breeds=the pure forms x em; and em=-1l 0 • Let M=2,
m=l, e=-1 -h-; then half-breeds=pure formsx 1 &0 • Let M=2, m=l,
c= ~; then the infinite progression=!, M- Me= 1, and the pure forms
in each generation will equal A, and the half-breeds Ax~- Therefore
Half-breeds= Pure-breeds x ~Let M=3, m=2, c=-2-; then the sum of the infinite progression=l,
and theHalf-breeds=-2- x 2 x A(M-Mc)n-I, and the Pure-breeds=l-2- x A
(M- Mc)n-1; therefore Half-breeds= Pure-breeds x ~Let M=3, 1n=2, e=i; then Half-breeds=Pure breeds xi.
Let M=3, m=2, c=!; then Half-breeds=Pure-breeds xi·
Let M=3, m=2, c=t; then Half-breeds=Pnre-breedsx ~Let M=3, m=2, C= lo; then Half-breeds=Pure-breeds X ·fr·
Let M=3, m=2, C= 1 i-o; then Half-breeds=Pure-breedsx-r-h·
TABLE

IV.-Sirnplified Fo1"rnulas for the Proportions in which Half-breeds and l'h'reequartm·-breeds stand to Pu1·e-breeds when all are equally vigm·ous.

From 'fable III we learn that

me

H

(

p=M-Mcx

l+

(1-2c)m

M-Mc

+ ..

)·

When (1-2c)n~ is less than M-Mc, the series within the brackets is a decreasing
geometrical progression, and we may obtain the value of the whole series by the
a

formula 8=1-q.

Applying this formula, we have

_H=-~X
P M-Mc

1
( 1-2c)

nw X
M-Mc
me
M-Mc M-Mc-m+2mc M-m+(2m-M)c .. (1)

l-M-Mc

H=PXM-m+ ~~1n-M)c'
11

.·.

------ ···--· ·----- ...... ( 2 )

If rn' =the ratio of fertility for the Three-quarter-breeds, then according to the
reasoning given in Tables VII and VIII,
T
21n 1c
- = - - - - - - - - ;------ ... --.-- .. --.---.--- (3)
H M-1n'+C2n1'-M)c

T

H T
p=pxll
..... ·----- ---- ·---·- ________ .... (4)

and

The following solutions, as well as those given in Table V, are obtained by substituting values for M, m, and c in formula (2):
When JY[ = 4, m=3, then if
c = t,
c = t,
c = ·h
c = -t,
c = !-,
c = t,

c=
c=
c=
c=

half-breeds= pure-breeds
half-breeds= pure-breeds
half-breeds= pure-breeds
half-breeds = pure-breeds
half-breeds= pure-breeds
half-breeds = pure-breeds
t, half-breeds =pure-breeds
~'
half-breeds= pure-breeds
-f-0 , half-breeds= pure-breeds
I0 11, half-breeds= pure-breeds

X t,
X ~'
X fr,
X -if,
X i,
X ~'
X -lo,
X 1~,
X -P2 ,
X r%-z.
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When M = 5,

4, then if

1n =

o=
o=
o=
o=
c=
o=
c=
o=
o=
c=
c=

i,

t,
t,
-!-,

i-,
L
-?<,

-&,
~ 0,

rh,
nl.00 ,

half-breeds= pure-breeds
half-breedl3 =pure-breeds
half-ureeds = pure breeds
half-breeds= pure-breeds
half-breeds= pure-breeds
half-breeds= pure-breeds
half-breeds = pure-breeds
half-breeds = pure-breeds
half-breeds= pure-breeds
half-breeds= pure-breeds
half-breeds = pure-breeds
TABLE

X
X
X
X
X
X
X
X
X
X
X

5,
~'

f,

t,
~'

-Ar,
-1-\,
-142 ,
-1\ -,

r h.
tf63 •

1

v.
When M = lO, and-

m=9 ;
If c=t, then Half-breeds= ~
Pure-breeds X
5

c== -5-, H = P X . . ........
If c = !, H = P X . . ........
If

If c = {, H = P X . .. . .. ....
If c = ~, H = P X .... . .....
If c= +, H = P X .. .. .... ..
lf C == ~' H = P X ........ . .
If c == -lo, H=P '< ...... ...
If
If

C=

?n= 7; ] m = 6 ; . m = 5;

1
7
1 IT

r"rr
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R

-lu
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OBSERVATIONS ON TABLE V.

This mathematical analysis of the effects of positive segregation and
segregate fecundity when cooperating brings distinctly into view several important relations
First. Incomplete form§_of segregation, that avail little or nothing in
preventing a form from being absorbed in the course of time, become
very efficieut when strengthened by moderate degrees of mutual sterility. Take, for instance, the line of the table in which c = Tb-o· If 1 in
every 100 unions is a cross with some other form, the form wHl in time
be overwhelmed, unless other causes come in to counteract; but here
we see that, if segregate fecundity occurs in the ratio of 10 to 9, the
pure form becomes 12 times as numerous as the half-breeds; and if in
the ratio of 10 to 5, it becomes 100 times as numerous.
Second. Again, if we take the proportional di:fl'erences between the
different terms of the top line opposite c = -2-, we shall find them very
unlike the differences that appear in the bottom line opposite c = 1 0l 00 •
In the former the first term is 9 times as large as the last; while in the
latter the first term is more than 80 times as large as the last. This
shows that when segregation is intense, differences in the degree of segregate fecundity produce greater contrasts than the same differences do
when the segregation is slight.
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Third . .A. similar distinction is found when we compare the righthand column with the left-hand column. The smallest term in the former is to the largest term in the same column as 1 to 899, while in the
left-hand column the greatest difference is as 1 to 100. This shows that
when segregate fecundity is strongly developed, differences in the degrees of segregation produce greater contrasts than the same differences produce when the segregate fecundity is but slightly developed.
Fourth. Once more let us consider the relations to each other of
the four terms that stand in the upper left-hand corner of the table.
Suppose that of some one variety of a plant species, characterized by
pre-potential segregation and segregate fecundity, we have occurring in
equal numbers four variations whose relations to other varieties are
indicated by the figures given in these four terms, while in their relations to each other they are completely fertile and not segregated.
Which variation will leave the greatest number of pure offspring; that
is, the greatest number of offspring belonging to the one variety to
which the four variations alike belong~ Evidently the variations represented by the fraction -h will have the greatest influence on the following generation. But as the supposed conditions allow of exact
computation, let us look at the problem a little closer. If each variation numbers say a thousand individuals, then the number of each that
will breed true will be as follows: Of the one represented by1rr0 ,

526
-fr, 550
-fa, 555.5
-ly, 600

will breed true and 474
will breed true and 450
will breed true and 444.5
will breed true and 400

will cross,
will cross,
will cross,
will cross.

And the next generation of each kind will be as follows: Multiplying
the pure parents by 10, and the hybrid parents by 8 or 9, according to
the value of m, we have those represented by-1~, pure
-?r, pure
-f-0 , pure
1\ , pure

offspring
offspring
offspring
offspring

5260,
5500,
5555,
6000,

hybrids
hybrids
hybrids
hybrids

4266,
4050,
3556,
3200.

There can therefore be no doubt that under such conditions the average pre-potential segregation and segregate fecundity of the next generation wl11 be considerably advanced, and so with each successive
generation till the average of the pure forms is represented by the
fraction -h, and is surrounded by a circle of variations, of which one
will be represented by the fraction --fl-6 • And from this new point continuous advance will be made toward ever higher and higher grades
of segregation and segregate fecundity; though of course the process
will be subject to antagonisms and limitations arising from the principles of self-accumulating vigor and self-accumulating adaptation. Let
it however be carefully noted that we have in this process the manifestation of a new principle, for it rests not only on self-accumulating
positive segregation, but on self-accumulating segregate fecundity.
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VI.-Pornwla for Segregation, Segregate Ji'ecnndity, and Seg1·egate Vigor, giving
the p1·opm·tion of Half-breeds to Pu1·e-b1·eeds (constructed fro?n 1'able III, according to
1'1tle 3).

TABLE

Half-breeds.

Pure-breeds.
Initial number.
1st generation .... _
2nd generation .... .
3rd generation _... .

A
A(MV-MVc).
A(MV-MVc)2.
A(MV-MVc)3.

Amvc.
Amvc(l-2c)mv+Amvc(MV-.MVc).

A(MV-MVc)4,

A mvc( (1-2c)mv) 2 +AmvciMV-MVc) (l-2c)mt•+Amac
(MV-MVc)2.
4th generation ____ _ Amvc((l-2c)mv)3+ Amvc(MV-MV c) ( (l-2c)mv) 2 + Amvc
(MV-MV c) 2 (1-2c)mv + Amvc(MV-MV c)3.
((l-2c)mv)3
((l-2c)rnv)2
= Amvc(MV-MVc)3 ( (MV-MVcp+(MV-MVc)2+

A(MV-MV c)n-l

n-lth generation.

A(MV-MVc)n

(l--2c)?nV ) n-l
nthgeneration ..... Amvc(MV-MVc)n-1 ( MV-MVc
+·

((1-2c)mv) (MV-MVc)3)
(MV-MVc)+(MV-MVc)3 ·

. ·+( )\

(l-2c)mv ) 2 (1-2c)mv
)
( MV-MVc + MV-MVc+ 1 ·
nth generation of Pure-breeds=A(MV-MVc)n-l X
""
Half-breeds
mvc
(MV-MVc); and therefore :Plm3-breeds M v -MV c

X

(l-2c)mv
)
( l+MV-MVc+ · · - ·
------------------------~------------------------------------

In the above formula V =vigor of pure-breeds expressed by a fraction that gives
the proportion of each generation that grow to maturity and propagate; t·-=the
vigor of the half-breeds expressed in the same way.

TABLJ<::

VII.-Ji'o1·mula for Segregation, Segregate Fecundity, and Seg1·egate Vig01·, givtng
the p1·opm·tion of the 1'h1·ee-quarter-breeds to the P~re-breeds.

T=the number of Three-quarter-breeds~ n~'=ratio of fertility for the same; v', a
fmction giving the proportion of the Three-quarter-breeds that come to maturity.
H=the number of Half-breeds. P=the number of Pure-breeds.
Turning to Table I, we find that the Three-quarter-breeds of each generation are
the offspring of 110 (or c) of the previous generation of Half-breeds who consort with
an equal number of Pure-breeds, plus the descendants of previous generations of
Three-quarter-breeds in as far as they breed with each other. Commencing our
computation with the nth generation we know from Table VI, that the previous
generation of Pure-breeds=A (MV-MVct-\ and the Half-breefls of the same generation=A(MV-MVct-1x;;

~being the ratio in whichHalf-hreedstand to Pure-

oreeds, which is obta.ined as shown in Tables IV, V, and VI; and c of this number
WI'll

consort

. h
Wit

H 2c
an equa1 number of Pure-breeds, rna k'mg A(MV-MVc) n-1 X-p

parents in the n-lth generation, that will produce 1n'v' times that number of Thref'quarter-breed offspring of the nth generation that will grow to maturity. Starting
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with this number in the nth generation, and pursuing the same method as was used
in constructing Table III, we obtain the following series:
Three-qun rter- breedsn-IH

nth gencration=A(MV-MVc)

-p2cm'v'.

n-lH

p

(n+l)th generation =A (MV-MVc)
(n+2)th generation=A(MV-MVc)

,H

2c m 1V 1 X(l-2c)m 1V 1 +.A.(MV.-MVc) p2cm 1 v 1 •

n-IH
(
p2c m'v 1 (l-~c)m 1 V 1

)2 + A(MV.-MVc) nH
p2crn v'X
1

n+IH
1 1
p2cm'v 1 •
( (l-2c)m V ) +A(MV-MVc)

(n+n)th generation=A(MV-MVc)

(

v')1

(~-2c)!.~~)2 ((l-2c)m
MV-MV.c + MV-MVc
1

n-;H
n (((l-2c)m 1V 1)n
p-2cm 1V 1 (MV.-MV.c)
MV-MVc

In the (n -t-n)th generation, P=A(M\-MVc)

( 1+

+· " +

c)n)· .

(MV -MV
+ MV-MVc

(1-2c)m11
)l (
(

n+n

T
!!:2c 1 1
; and therefore _ _ P m v
p MV-MV.c

X

)+( )").

V

Mv=:M:vc +

VIII.-Simplijled formulas, giving the propm·tions in which Halj-b1·eeds and
l'hree-qnarter-breeds stand to Pure-b1·eeds when we hare both Segregate Fecundity and
SegTegate Vigm·.

TABLE

From Table VI we learn that
mvc

H_
P

MV-MVc

X ( 1 +Q-2c)nLt'

MV -MVc+

...

).

When the numerator, (1-2c)mv, is less than the denominator, MV -MVc, the sum
of the whole series within the brackets may be obtained in accordance with the
formula S = 1 ~ q' in which S = the sum of the series, a = the first term, and q =the
constant multiplier.
. H_
mvc
1
· · P -MV -MVcx

(l-2c)n~v

1 --MV-MVc

-rnvc
MV- MV c
MV -MVcXMV -MVc-ml·+2m'l:c

tnvc
MV -mv+
.,---;-;
(2o:-m- v-·---o
- MV)c'

(1)

Applying the same method to the formula in Table VII, we find that
T H
m'v'c
p=p X2X:Mv -m'v' +(2mh,~_=:-MV)c.
T

H

2m'e'c

···p=pxMV -m 1t''+(2m 1 v'- MV)c;

(2)

ancl
T
H

2rn'v'c
MV-rn'v +(2m'v'-MV)c

lfM = 101 m=5, m'=5, V=~, v=lo-, v'=-1\r.
then H
P

Th

1g!l--\"\r+C-l-8- 1f) -J.lo

and (as ?n=m', and

(3)

1

Tfm

lgQoQ-~8-glo

1
c = 1 o1

1fi-54i'o%=Tih·=-~l2';
911

~·=1J')

T ').H '). 1 l
l 'f H T- 1 j _ I
n=""p=""'n=oi anc p=p- Xft-nXo-72•
If M=10, m=10, m'=10,

V= -~,

v=glu, v'=•l1r1 c=}·0 1

H
-~
~
then P = .!f - H+C~~-lgfl)~o l~ooo. -~ g+9~o- ~&
T H T
T_ 2 _ 1 •
1
an d H-1r2- •n- , anc1 :p=pXIf=33t>2·

sl:z;
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In this latter case, where the Vigor of Hybrids is

-h that of Pure-breeds, while
~=h, which is the same

their Fecundity is equal to that of Pnre-breeds, we find

result as that given in the eighth line of the last column of Table V, where the
Fecundity of cross unions and of Hybrids is -ln- that of Pure-br4tec_.1s, wkne their
Vigor is equal.
TilE INFLUENCE OF SEGREGATE VIGOR.

I think we may say we have here come in sight of one form of the
still wider fourfold law already mentioned; for on 1he same principle
that segregate fecundity increases when once allied with partial segregation in vigorous forms, segregate vigor must also tend to increase
when brought into the same alliance; and I believe it will be found
that there is a similar principle tending to the self-accumulation of
segregate adaptation.
At the point where they both arise, that is during the period that
immediately follows the act of impregnation, it is difficult to distinguish
between the two principles, and the mortality of the hybrid embryo
before birth, or before it leaves the egg, may be conveniently classed
m; segregate fecundity.*
Though the two princi pies are so closely related, it would be a great
mistake not to distinguish them; for there is no close correspondence
between the degrees in which the two qualities occur in the relations
of individuals or varieties; and some cases we find segregate fecundity
associated with integrate vigor. The mule, though absolutely sterile,
possesses vigor equal, if not superior, to that of either parent. Iu the
record of experiments given by Darwin in "Cross and Self Fertilization
in the Vegetable Kingdom" mention is made of certain species in which
self-fertilized flowers are more fertile than the cross-fertilized, while the
plants produced from the cross seed are the more vigorous; and of
other species in which cross-fertilized flowers are by far the most productive, while the plants produced from the crossed seed are neither taller
nor heavier than the self-fertilized.t In the same work the common
pea (Pisttt'ln sativum), the common tobacco (Nicotiana tabamtm), and
Canna Warscewiczi are shown to be more vigorous when raised from
self-fertilized seed than when raised from seed crossed with other individuals of the same strain; but in the case of the tobacco and the pea
great increase of vigor is produced by a cross with a slightly different
variety, while the fertil!ty is increased but little if any.
Rut the most interesting of all his experiments as bearing on the subject of segregate vigor, is given in the history of "The Descendants of
the self-fertilized Plant, narned Hero, which appeared in the Sixth Self-fertilized Generationojipomma purpurea." "A cross between the children
of HeYo did not give to the grandchildren any advantage over the selffertilized grandchildren raised from the self-fertilized children." "And,
* See "Origin of Species," 6th edition, p. 249.
t See "Cross and Self-Fertilization," pp. 322-329.
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what is far more remarkable, the great-grandchildren, raised by crossing the grandchildren with a fresh stock, had no advantage over either
the inter-crossed or the self-fertilized great-grandchildren. It thus
appears that Hero and its descendants differed in constitution in an
extraordinary manner from ordinary plants of the same species." "If
we look to the (ordinary) plants of the ninth generation in Table x, we
find that the inter-crossed plants (of the same stock) were in height to
the self-fertilized as 100 to 79, and in fertility as 100 to 26; whilst the
Colchester-crossed plants (raised by crossing with a fresh stock) were in
height to the intercrossed as 100 to 78, and in fertility as 100 to 51."*
The Colchester-crossed plants were therefore in height to the self-fertilized as 1 to 0.78 x 0. 79, qr as 1000 to 616, and i.1 fertility as 1 to
0.51 x 0.26, or as 1000 to 133; while the self-fertilized descendants of
Hero when crossed with the same fresh stock not only had no advantage over those that had been continuously self-fertilized for nine generations, but, as the details of the experiment show, the advantage was
on the side of the plants raised from the self-fertilized seed. The experiment was conducted under conditions decidedly unfavorable for the
production of healthy plants; but as it is usually found that the superiority of crosses between varieties is most clearly brought to light when
the competitors are subjected to unfavorable circumstances, it seems to
furnish even stronger evidence of segregate vigor being occasionally
produced in the earliest stages of divergent evolution than would have
been furnished if the same degree of superiority in the self-fert,i lized
plants had been obtained under a less severe test. As the case is of
unusual interest, I give the details as recorded by Darwin:
"Several flowers on the self-fertilized grandchildren of He1·o in Table
xvr were fertilized with pollen from the same flower; and the seedlings
raisedfrom them (great-grandchildren of Hero) formed the ninth selffertilized generation. Several other flowers were crossed with pollen
from another grandchild, so that they may be considered as the offspring of brothers and sisters, and the seedlings thus raised may be
called the inter-crossed great-grandchildren. And lastly other flowers
were fertilized with pollen from a distinct stock, and the seedlings thus
raised may be called the Colchester-crossed great-grandchildren. In
my a-uxiety to see what the result would be I unfortunately l)lanted
the three lots of seeds (after they had germinated on sand) in the hothouse in the middle of winter, and in consequence of this the seedlings
(twenty in number of each kind) became very unhealthy, some growing
only a few inches in height, and very few to their proper height. The
result therefore can not be fully trusted; and it would be useless to
give the measurements in detail. In order to strike as fair an average as possible I first excluded all the plants under 50 inches in height,
thus rejecting all the most unhealthy plants. The six self-fertilized
thus left were on an average 66.86 inches high, the eight inter-crossed
* "Cross and Self-Fertilization," pp. 47, 60, 61.
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plants 63.2 high, and the seven Colchester-crossed 65.37 high; so that
there was not much difference between the three sets: the self-fertilize<l
plants having a slight advantage. Nor was there any great d.ifl"ereuce
when only the plants under 36 inches in height were excluded. Nor
again when all the plants, however much dwarfed and unhealthy, wme
included.
"In this latter case the Colchester-crossed gave the lowest average
of all; and if these plants had been in any marked manner superior to
the other two lots, as from l!lY former experience I fully expected they
would have been, I can not but think that some vestige of such superiority would have been evident, nothwithstanding the very unhealthy
condition of most of the plants. No ad vantage, as far as we can ju<lge,
was derived from inter-cros8ing two of the grandchildren of Hero, any
more than when two of the children were crossed. It appears, therefore, that Hero and its descendants have varied from the common ty-pe,
not only in acquiring great power of growth and increased fertility
when subjected to self-fertilization, but in not profiting from a cross
with a distinct stock; and this latter fact, if trustworthy, is a unique
case, as far as I have observed in all my experiments."*
Let us now consider for a moment what must be the result when such
a variation occurs in a wild species subject to the ordinary conditions
of competition. In the first place, it would gradually prevail over
other representatives of the same local stock, both by its more vigorous growth and by its greater fertility, especially in the case of flowers that failed of securing a cross. And afterwards, when it came into
competition with the equally adapted variety from which it was partially protected by segrega,t e vigo~·, it would neither be driven out
nor lose its separate existence in a commingled race. It will be
observed that we have in such a case local, germinal, and floral segregation, each producing partial effects which are enhanced by the segregate vigor. In order to bring out the relation of these factors to
each other, let us assume definite values for each. Let us suppose that
-l-0 of the flowers are self-fertilized, -f-0 are fertilized with pollen from
another flower of the same plant, -l 0 are fertilized with pollen from
other plants of the same new variety, and -l-0 are fertilized with pollen
[rom tbe older variety occupying contiguous areas. Therefore -t;he sum
of the segregating influences, which is called the ''Ratio of pure breeding," and is represented by R in Table n, equals -{1-0 ; and the "Ratio
of cross-breeding," represented by c in all the tables, equals -f0 • Again,
let us suppose that the fertility of the pure breeds is the same as that
of the half-breeds, but that the superior vigor of the former is such that
any one of the pure seeds has twice as good a chance of germinating,
growing to maturity, and producing seeds as any one of the crossed
seeds. The general effect on the final result will in that case be the
same as if the '' Hatio of increase for the pure unions" (which I call M)
·=< "Cross and self-fertilization in the vegetable kingdom," pp. 50, 61.
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equalled 10, while the "Hatio of increase for the cross unions" (which I
call m) equaled 5. Turning now to Table v, we can easily find the
ratio in which the number of pure-breeds will stand to the half-breeds,
if the conditions continue long; for in the column in which rn equals 5
and in the line marked c=-1\ - we find 1,J20 , which means that the halfbreeds will equal the pure-breeds multiplied by -5~0 , or by -{o-.
SEGREGATE VIGOR AND SEGREGATE FECUNDITY BETWEEN HUMAN RACES.

My attention has recently been called to the following facts relating
to the Japanese and Aino races, who have for many centuries met under circumstances favorable for interfusion without any apparent effect
of this kind. I quote from "'Memoirs of the Literature College, Imperial University of Japan," No.1: "':~;he Language, Mythology, and
Geographical Nomenclature of Japan viewed in the Light of Aino
Studies," by Basil Hall Chamberlain, p. 43:
"With what logic, it may be urged, do you invite us to accept a
great extension of the Aino race in early Japan, when it is a physiological fact, vouched for by so high an authority as Dr. Baelz, that there
is little or no trace of Aino blood in the Japanese people~ In reply to
this some would perhaps quote such examples as New England, whence
the Indians bave vanished, leaving nought behind them but their placenames. In Japan, however, the circumstances are different from those
of New England. There has undoubtedly been constant inter-marriage
between the conquerors and the native race upon tbeAino border. We
can infer this from history. Those who have traveled in Yezo know it
by personal experience to-day. Nevertheless, these inter-marriages
may well consist with the absence of any trace of Aino blood in the
population. As a matter of fact, the northern Japanese, in whose
veins there should be most .Aino blood, are no whit hairier than their
compatriots in central and southern Japan. Anyone may convince
himself of this by looking at the coolies (almost all N ambu or Tsugaru
men) working in the Hakodate streets during the summer months,
when little clothing is worn. But the paradox is only on the surface.
'rhe fact is that the half-castes die out-a fate which seems, in many
quarters of the world, to follow the miscegenation of races of widely
divergent physique. That this is the true explanation of the phenomenon was suggested to the present writer's mind by a consideration of
the general absence of children in the half-bred Aino families of his acquaintance. Thus, of four brothers in a certain village where he staid,
three have died leaving widows without male children and with only
one or two little girls between the three. The fourth has children of
both sexes; but they suffer from affections of the chest and from rheumatism. Mr. Batchelor, whose opportunities tor observation have been
unusually great, concurs in co11sidering this explanation as sufficient
as it is simple. There are scores of mixed marriages every year. There
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are numerous half-breeds born of these marriages. But the second
generation is almost barren; and such children as are born-whether
it be from two half-bred parents, or from one half-breed parent and a
member of either pure race, are generally weakly. In the third or
fourth generation the family dies out. It may be added that the halfbreeds have a marked tendency to baldness, and that their bodies are
much less hairy than those of the genuine Ainos. This fact has doubtless helped to cause the divergence of opinion with regard to .Aino
hairiness. For the comparatively smooth half-breeds mmally speak
Aino, dress .Aino fashion, and are accounted to be .Ainos, so that travellers are likely to be misled, unless constantly on their guard. There
seem to be half-breeds in all the villages whither Japanese peddlers and
:fishermen have penetrated. There have therefore probably at some
time or other, been half-breeds in every section of Japan where the two
races have come in contact."
If these two races were equal in civilization and in natural adaptation to the environment, or if one race was specially adapted to mountain life and the other to life by the seashore, it seems probable that
they might permanently occupy adjoining countries without losing any
of their distinctive characteristics. Broca, after careful collation of all
the information that could be gathered from the publications of travellers and historians, reaches the conclusion "that alliances between the
.Anglo-Saxon race and the .Australians and Tasmanians are but little
prolific; and that the mulattoes sprung from such intercourse are too
rare to have enabled us to obtain exact particulars as to their viability
and fecundity."* I have no means of knowing whether later investigations in .AuRtralia and other parts of the world have thrown fuller
light on the mutual fertility or sterility of the more divergent human
races, but I am inclined to think that the interest in the subject has declined since Darwin has shown that such data can never afford proof
tbat the different races of man are not descended from common ancestry. There are however signs that a renewed interest in the subject is being awakened through the realization that it has a direct bearing on the theory of the origin of species.
IMPREGNATIONAL SEGREGATION A CAUSE OF DIVERGENCE IN BOTH ITS EARLIER AND
LATER STAGES

.As we have already seen, the negative factorst segregate vigor and
segregate fecundity would tend to produce extinction if not assoCiated with positive forms of segregation. But in the case of organisms whose fertilizing elements are disributed by wind and
water, the qualities that produce these negative forms of segregation are usually accompanied by those that produce pre-potential
"·See "Phenomena of Hybridity in the Genus H01no." By Paul Broca. English
translation, published for the Anthropological Society of London by Longman,
Green, Longman, and Roberts (1864), pp. 45-60.
r For a definition of negative segregation see page 309 of this paper.
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segregation, which is in an important degree positive. But even prepotential segregation, when produced by mutual incompatibility between a few individuals and a numerous parent stock, depends for its
continuance and development on local, germinal, or floral segregation,
partially securing the intergeneration of a few that are mutually compatible. On the one hand, impregnational segregation depends on
some degree of local, germinal, or floral segregation which is a constant
feature in most species; but, on the other hand, not only do these initial
forms of positive segregation fail of producing any permanent divergence till associated with impregnational segregation, but the more
effective forms of positive segregation, such as industrial, chronal, fertilizational, sexual, and social segregation, often depend on impregnational segregation, inasmuch as the divergence of endowments which
produces these depends on impregnational segregation. Moreover, in
all such cases, increasing degrees of diversity in the forms of adaptation, and consequently of diversity in the forms of natural selection,
must also depend upon these negative factors, which in their turn depend on the weak, initial forms of postive segregation.
Divergent evolution always depends on some degree of positive
segregation, but not always on negat.i ve segregation. Under a rigorous condition of the former (as for example complete geographical
segregation), considerable divergence may result without any sexual
incompatibility. Darwin has shown, by careful experiments, that integrate vigor and fecundity is the relation in which the varieties of one
species usually stand to each other. This fact does not however prove
that the more strongly divergent forms, called species, which are prevented from coalescing by segregate vigor and fecundity, did not
acquire some degree of this latter character before any permanent
divergence of form was acquired. Their having acquired this segregating characteristic may be the very reason why their forms are now
so decidedly different, for without it they would have been swallowed
up by the incoming waves of inter-generation. Again, we must remember that forms only moderately divergent are habitually classed as different species if they are separated by segregate vigor and fecundity
(that is, by some degree of mutual sterility), unless observation shows
that they are of common descent. These two considerations sufficiently explain why the varieties of one species are so seldom reported
as mutually infertile. Notwithstanding this, the experiments of Gartner and of Darwin, already referred to at length, seem to show that
segregate fecundity and vigor may arise between varieties that spring
from one stock. In view of these cases, we must believe that in the
formation of some-if not many-species, the decisive event with which
permanent divergence of allied forms commences is the intervention of
segregate fecundity or vigor between these forms. Positive segregation, in the form of local, germinal, or floral segregation producing only
transitory divergencies, always exists between the portions of a species
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that has many members, but as it does not directly produce the negative segregation which is, in such cases, the necessary antecedent of
permanent divergence, we can not, in accordance with the usage of language, call it the cause of the permanent divergence. Moreover, though
it may be in accordance with ordinary l:mguage to call the negative
segregation, which is the immediate antecedent of the permanent divergence, the cause of the same, it will be more correct to call the coincidence of the negative and positive segregations the cause, and still
more accurate to say that the whole range of vital activities (when subjected to the limitations of any sexual incompatibility that corresponds
in the groups it separates to some previous but ineffectual local, germinal, or floral segregation) will produce permanent divergence.
In many cases not only is the entrance of impregnational segregation the cause of the commencement of permanent divergence, but its
continuance is the cause of the continuance of the divergence. The
clearest illustration of this is found in the case of plants that are fertilized by pollen that is distributed by the wind. All the higher, as
well as the lower, groups of such plants would rapidly coalesce if each
grain of pollen was capable of producing fertilization, with equal certainty, promptness, and efficiency, on whatever stigma it might fall.
We may also be sure that, with organisms that depend upon water for
the distribution of their fertilizing elements, impregnational segregation is an essential factor in the development of higher as well as of
lower taxonomic groups.
It is important to observe that, in the cases under consideration, the
inferior fertility or vigor resulting from the crossing of the incompatible
forms is as truly a cause of divergence as the inferior opportunity for
crossing which from the first existed between the members occupying
different localities or between the flowers growing on different trees of
the same species. The former has been called negative, and the latter
positive, segregation, not for the sake of distinguishing different grades
of efficiency, but for the sake of indicating the different methods of
operation in the two classes of segregation.
,c) Institutional segregation.

Institutional segregation is the reflexive form of rational segregation. It is produced by the rational purposes of man embodied in institutions that prevent free inter-generation between the different parts
of the same race.
As the principal object of the present paper is to call attention to
the causes of segregation acting independently of effort and contrivance directed~ man to that end, it will be s~fficient to enumerate
some of the more prominent forms under which institutional segregation presents itself, noting that, some of these influences come in as
supplemental to the laws of segregation already discussed, simply re-
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enforcing by artificial barriers the segregations that have their original
basis in nature. The chief forms that should be enumerated are national, linguistic, caste, penal, sanitary, and educational segregation;
and if we had not already considered industrial segregation in the previous chapter, that might be added.
CONCLUDING REMARKS.

Besides artificial and institutional segregation, which depend on the
rational purpose of man, we have now considered numerous forms of
segregation, resting on no less than 18 groups of purely natural causes.
Owing to the length of this paper I deem it wise to bring it to a close
without discussing the laws that co-operate in intensifying the effects
directly produced by the segregative causes already considered. As I
have shown in Chapter II, segregation is not simply the independent
generation of the different sections of a species, but the independent
generation of sections that differ; and though no one will believe that
any two sections of a species are ever exactly equivalent, it is evident
that the degrees of difference may be greater or less, and that whatever causes a greater difference in two sections that are prevented from
intergenerating will also be a cause of increased segregation.
It has been observed that some of the causes enumer~ted in this and
the previous chapter are primarily separative, and that no one of those
that are primarily segregative is at any one time segregative in regard
to many classes of characters. As several forms of segregation may
co-operate in securing a given division of a species and one form is
super-imposed upon another the aggregate effect must be incalculably
great; but we easily perceive that it may be indefinitely enhanced by
causes producing increased divergence in the segregated branches.
The causes which produce monotypic evolution when associated with
inter-generation must be equally effective in producing polytipic evolution when associated with se-generation, whether in its separative or
segregative forms. But the discussion of intensive segregation must
be reserved for another occasion.
Believing that the study of cumulative segregation in its relations to
the other factors of evolution will throw light on the origin of species
far beyond what I have been able to elicit, I trust the subject will
secure the attention of those who enjoy better opportunities than I do
for carrying forward such investigations,
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APPENDIX.
CLASSIFIED TABLE OF FORMS OF SEGREGATION.

A.

B.

Environa,l segregation.
(a) Industrial segregation.
Sustentational.
Defensive.
NidHicational.
(b) Chronal segregation.
Cyclical.
Seasonal.
( o) Spatial segregation.
(Migrational.
Geographical. } ~ Transport aLocal.
tional.
1
Geological.
(d) Fertilizational segregation.
(e) Artificial segregation.

Reflexive segregation.
(a) Conjunctional segregation.
Social.
Sexual.
Germinal.
Floral.
(b) Impregnational segregation.
Segregate size.
Segregate structure.
Prepotential segregation.
Segregate fecundity.
Segregate vigor.
( o) Institutional segregation.

l

c.
Intensive segregation.
(a) Assimilational intension.
(b) SLimulational intension.
(c) Snetudinal intension.
(d) Correlated intension.
(e) Integrational intension.
(f) Selectional intension.
(g) Fecundal intension.
(h) Elimina tional in tensional.

THE STRUGGLE FOR LIFE IN THE FOREST.*

BY JAMES RonwAY.

Guiana is, above everything else, famous for its varied and rampant
forms of vegetable life. It is a country of magnificent timber trees,
elegant palms, wonderful creeping, climbing, and scrambling vines,
enormous arums, and stately grasses. All of these seem conscious that
they have to struggle for existence and that the fittest only will survive. Here we have no forest of one species-in which there appears
to be something like combination, but every plant is an individual, and
as such strives with all its might to get ahead of its neighbor, no matter how. Its whole aim and end is to obtain a share of the bright sunlight which is so plenteously bestowed, but nevertheless is so hard to
get at. As long as the individual succeeds it does not care what
becomes of the others; "everyone for himself and the sunlight for him
who outstrips the others" appears to be their motto.
Myriads of seeds are distributed in every direction; some are eaten
by bixds, others by quadrupeds and monkeys, while the vast majority
are washed away by floods or die in the first stage of babyhood. A
hundred may germinate under one tree, but what poor, puny things they
are! They try their best to raise themselves toward the light above their
lleads, but without a share of that light they have no strength. Their
seed leaves are almost colorless, while their stems are so fragile that they
often break off by their own weight. One by one they fall and die.
Here and there however, in some place where a few rays of light llave
succeeded in penetrating the canopy of foliage, one of them becomes
·strong enough to get over its first difficulties. Then it uses up all its
strength to push its way up and up until it arrives at the top. It does
not waste its energy by spreading in any way, either in the stem or by
branching, but straight and thin as a walking stick at last forces its
way into the sunlight. Now comes a transformation; like a giant forcing
his way through a crowd it pushes out a branch in this direction and
another in that until it succeeds in elbowing itself into a good place.
Except at night there is no rest in the tropical forest. The struggle
goes on all through the year, being perhaps only a little less in the dry
season. No nice winter's sleep is possible. Man and the higher ani"From "Tirnehri," Journal of the Royal Ag1·icultnml and Com.meTcial Society of British Guiana. June, 1891; vol. Y (new series), pp. 13-33.
H. Mis. 334, pt. 1--22
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mals may take things easy, but not so the trees. In the great cities of
Europe men have to carry on just such a struggle, but plants in temperate climates jog along quietly; here the case is reversed. From
dawn to sunset trees are hard at work-you can almost see some of them
growing-and as may naturally be supposed, they must have a little
rest at night. The tree is thoroughly exhausted; its branches lose their
stiffness, while the leaves droop and fold themselves together. Unlike
those of temperate climates, the trees of the tropics all, more or less,
show these signs of exhaustion toward sunset.
Forest trees have not only to contend with each other,-this is a fair
fight where if not equally matched they are nearly so,-but the struggle must be carried on against interlopers of various kinds. Creeping,
twining, and scrambling vines are determined somehow or other to get
a share of the sunlight. "There is plenty of room at the the top," but
they have to get there. Without light they are like the young trees,
poor, sickly, washed-out things, hardly able to to raise themselves even
with the aid of the stems of trees or other climbers like themselves.
Some few do succeed, however, one way or another-one species of Bignonia by means of veritable claws-and when they get to the top, how
they do revenge themselves on the torest trees which have stood in their
light. We can fancy one of them saying, "Now, I am going to smother
you." And it does so in many cases. It branches out here, thert~, and
everywhere, spreading its leaves upon those of its support, until eventually a wealth of brilliant flowers open out, eclipsing those of the trees
altogether. As its branches extend the stem swells and hardens until
it looks like a great hempen cable, which, if it happens to be a twiner,
constricts its support in serpent-like folds until perhaps the tree is strangled to death. But this does not matter, for by that time the rampant
monster has spread itself over a dozen giants of the forest where it
revels in the sunlight and seems to crow over its victory.
Perhaps the most insidious enemy against which the forest tree has
to contend is the class of stranglers such as clusias and figs. Birds
eat the fruit of these horrible plants, and deposit the seeds in the topmost forks of some forest giant, where they germinate. One of these
succeeds in getting ahead, and, as its leaves open, it extends a number
of aerial roots down the trunk of the tree until they reach the f.arth.
There they go, crawling- clown, and like very long worms, apparently quite
harmless, clinging to the bark, but seeming ot,herwise entirely wanting
in either ability or desire to injure. Now the strangler has gained its
footing and begins to feel its power. The aerial roots expand laterally
until they actually run into each other and cover the trunk. vVe can
almost fancy the magnificent forest tree protesting strongly, as, octopuslike, the clusia begins to compress and strangle it. It may protest as
much as it likes, but that makes no difference; the clusia grows stronger
and stronger, until by and by, as the strangler opens its magnificent
waxy flowers to the sun and glories in its conquest, the poor, unfortu.-
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nate victim droops and dies. Then the trunk becomes diseased, wood
ant~ begin their work, and finally nothing is left but the hollow cylinder
of the strangler.
There is yet another foe to the giant of the forest, the para~ite or
bloodsucker, the leech of the vegetable kingdom. Like the leech, it is
not very large in comparison with itH victim, but that does not matter,
as it makes up in numbers what it lacks in size. These plants, called
bird vines (Loranthacece), are, like the stranglers, distributed by birds.
The seeds are covered with glutinous pulp, which, when they are
dropped by birds, enables them to adhere to the branches of the trees.
Here they sprout, and with their young leaves, produce aerial roots,
covered with suckers, which run along and insinuate themselves into
the c_racks of the bark, continually nourishing themselves on the lifeblood of their victims. As the loranth extends itself, it seems to revel
in the mischief it is producing, looking bright and happy in contrast
with its miserable victim, whose limbs begin to wither and fall, until
ultimately the branch becomes dry and brittle, when perhaps some day
it breaks off by its own weight and comes to the ground, bringing its
murderer with it. Sometimes the whole tree will be covered with parasites and ultimately succumb to the continual drain, but more often it
survives in a most miserable state of weakness, being hardly able to
produce flowers, much less fruit. Like a man suffering under a chronic
disease, it drags along its melancholy existence until all its branches
wither, when the parasites, having nothing to live on, suffer a just retribution. However, there are always plenty of others to keep up the
fight, as,. the species are very numerous, while the seeds germinate by
thousands.
Although there is a scarcity of the larger animals in the forest, this
is compensated by the wealth and variety of the insect world. Ants
are present in myriads, some of them making sad havoc on the foliage
and adding to the numerous foes against which the forest giant has to
contend. Then, there is the great army of wood ants, or termites,
which are the scavengers. When a tree is elbowed, smothered, strangled,
or sucked to death, the wood ants are ever in readiness to dispose of
its remains. However hard the timber may be, it is not too tough for
these insignificant creatures. To look at, they appear the weakest of
all insects. Unable to stand even the subdued light of the forest, having to build covered tunnels so as to be always in darkness, they are
nevertheless able in a comparatively short time to make a fallen trunk
as fragile as an eggshell. In wandering through the forest you come
upon au enormous trunk lying across your path. It is too large to
step over, so you put your foot upon it, when, with a crunch, crunch, the
apparently hard timber crumbles like a mummy, while the wood ants
are scattering in every direction to get under cover. In the larval state
the insect world is also the sworn foe of the tree. The elegant palm
has its canker at the heart in the shape of the borer beetle. These
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princes of the vegetable kingdom are very tender; a single larva will
kill the strongest of them. There they stand, like kings deprived of
their crowns, until the inevitable scavengers come forward and crumble them into mold.
In the great struggle for light, which means life in the forest, there
is no place for sm;1ll herbaceous plants. Such little beauties as daisies
and primroses could find no sunny banks or fields to bask in. The
ground is strewn with dead leaves and withered petals, which have
fallen from the canopy above, and sometimes you pick up a flower or
seed and wonder which tree it came from. You look up and try to
identify the foliage of some particular tree, but they are so intermingled that this is almost impossible. There is hardly anything to be
seen in the dense forest save an interminable jumble of trunks -and
bush ropes. However, flowers are not entirely absent. Scattered here
and there may be found a few leafless root parasites. One orchid, the
Wttllschlegelict aphylla, is able to exist in the half-light, together with
three species of Voyria. Except one of the latter, which is like a miniature yellow crocus, these plants are particularly delicate, poor, pale,
sickly looking creatures, that seem ready to fall to pieces by their own
weight, although they are only 2 or 3 inches high.
However, herbaceous plants are not wanting in the forest. Let us
single out a giant Mora, if we can, and use a glass, when we shall see
that its limbs are covered with small plants, which may be recognized
as orchids and bromelias. Far above our heads are the representatives
of Shakespeare's "long purples" and the other temperate orchids
which decorate the English meadows. There they sit, 100 to J.50 feet
above our heads, "born to blush unseen," as far as the human eye
is concerned. Nevertheless they live, and perhaps enjoy life, doing
their work, and doing it admirably. They do not elbow their neighbors, nor do they smother, strangle, or suck them, but simply make
use of the topmost branches of tbe forest giants as resting places.
The orchid grasps its support in a loving manner, holding it tightly,
but not like the parasite, to get fat at its expense. No, the orchid has
succeeded in making itself almost independent. It is satisfied with a
little light; so there is no necessity for interfering with its host. Having, as it were, succeeded in getting out of the turmoil of the fight, it
decorates the brawny limbs of the forest giant with its brilliant flowers, and invites the bees and butterflies to come to it~ nuptials.
Although it apparently takes thing8 very easy, the orchid is by no
means idle, while its position to-day represents the outcome of generations of stea<ly work. Having no connection with the soil, it has to
gather its food from the air, rain, and dew, and not only to collect, but
also to store it. Although rains are frequent enough, still there are
dry seasons, when, under the tropical heat, a plant in such a position
must wither and <lie unless some provision were made for these contingencies. Like the plants of the desert, the orchid stores its food iq
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anticipation of a drought, but every family, and almost every species,
does this in a different manner. Some, like Oncidium Lanceanttm, lay
up their store in thick, leathery leaves, so that they can enjoy plenty of
sunlight without injury. Others, like the Cattleya, have thick leaves
and swollen stems, which latter is one of the forms of the pseudo bulb,
and is peculiar to the orchid family. Where the leaves are thin the
pseudo bulbs are often very large, so that if every leaf should be dried
up the plant still retains its vitality. · In some cases the store of food is
laid up in cylindrical leaves, some resembling porcupine's quills, others
like yard lengths _of thick twine; in others, there is a plump, fl~shy stem
which answers the same purpose. A few species have no leaves or
pseudo bulbs. In such cases their aerial roots perform all the functions
of both.
The Bromeliacem, wild pines as they are called, have chosen an
entirely different manner of storing water against a drought. Folding the bases of their leaves together, and tightly overlapping one
upon another, a cup is formed, which retains a store of water for several weeks. Every leaf being a natural gutter leading to this reservoir, the plant succeeds in gathering a little water with every shower,
so that it is hardly ever actually dry. Taking advantage of this, a
species of Utrimtlaria, a strictly aquatic plant, has succeeded in locating itself in these little pools, where it luxuriates far above its swampdwelling cousins. Not satisfied with this wonderful contrivance, the
Bromelia has also developed a peculiar texture of leaf, almost as tough
as horn, but at the same time quite flexible, which enables it to stand
such a strong heat and glare as would cripple the more delicate (;rchid.
Leaving the dense forest, in which only winged creatures can well
observe the struggle for life, we come across a river or creek, which, if
it is wide enough, breaks the continuity, and allows a streak of sunlight to penetrate. If, on the contrary, the creek be only a narrow one,
the forest trees meet overhead, or we paddle our canoe under their
trunks and branches, which lean over and almost choke the passage.
Where the river is broad the forest slopes down to it, looking at a distance as if there were a high embankment when actually the shore is
quite flat tor a long distance behind. Here the struggle for life can be
fully appreciated, as the vegetation is nearer the eye. All along the
banks, without a single break, shrubs and low trees are densely packed
together, each trying to find room for itself at the expense of its neighbor. They take up every inch of available space, extending their
branches as far as possible over the stream, while the creeping and
scrambling vines take advantage of this to spread themselves over the
whole face of the embankment of foliage, festooning it with their gay
flowers and revelling in the fact that they have succeeded in "coming
over "their supporters. Sometimes retribution overtakes them, as they
make the shrub or tree so top-heavy tbat, when a flood comes, the
roots are loosened and the swift current tears away the whole mass,
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leaving the remains of the lately crowing smotherer bruised, torn, and
bleeding.
The elbowing which goes on here differs from that in the" high
woods'' in the fact that, the struggle being so much the greater, the
army of combatants has put on armor. There are no weak, soft creatures here. Almost as soon as the seedlings grow they assume their
weapons. Cover a man from head to foot with needles all pointing outward, and set him to elbow himself through a crowd, and you have
something like what is actually the fact with a genus of comparatively
low palms (Bactris). The stems are densely clothed with needle-like
spines, while the ribs of the fronds have the same aggressive spikes,
all seeming to say defiantly ''Noli me tangere I" Not content with a
single stem, these palms grow in clumps, every new sucker taking its
place beyond the others and pushing its weaker neighbors farther out
of the way. Most of the low shrubs have stiff and rigid branches,
which of themselves form a protection, but not content with this, they
often have short, stiff thorns, ready to tear both the leaves and stems
of any young plant which trie~ to force its way through them. Having
to contend against such strong opponents, the climbers put on their
armor as well. The Desmoncus covers its stem with spines, and insinuates its young fronds through some little gap toward the light. Step
by step it ascends, the fronds opening one by one, each provided with
a most formidable arrow-head having a dozen pairs of barbs, which
effectually hold up the weak trailing stem. These barbs are most dangerous weapons of offense to boatmen coming swiftly down the streams,
as they hang over as if fishing for anything that comes in their way.
Beyond the line of bushes, and actually in the water, grows the treelike Mocca-Mocca (Montrichardia arborescens), a curious species of aroid
which has succeeded in developing itself to a wonderful size. In its
young state it is provided with spines, so as to be able to push its way,
but as it grows upward these are no longer necessary, and are therefore not found on the upper part of the stem. When the water is shallow they form an impenetrable phalanx of several yards deep all along
the shore, their stems being often 20 feet high and packed as closely
together as possible.
It might be supposed that the grasses other than bamboos would be
entirely absent from the forest region, but such is not the case. Oue
species, Panicum elephantipes, has succeeded in getting over the difficultie:-; by taking its place as a water plant. Being provided with large
creeping hollow stems, it anchors itself to the branch of some tree
that meets the water, and from this point extends outward and along
the shore. Growing very quickly, it often covers the surface for some
distance from the line of mocca-moccas, and might prove a formidable
obstruction, did not the river swell at intervals and carry oft large
masses, like floating islands, down to the sell.
Beyond the fringe of rampant vegetation nothing can be seen frqm
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the river, but by pushing aside the branches and creepers, so as to get
behind the veil, orchids may be seen growing luxuriantly in great numbers. Here live those species that delight in plenty of moisture, and
that can not endure the drier atmosphere which is met with in the" high
woods." This is the home of Zygopetalon rostratum, which is enabled
to flourish and produce its beautiful white flowers in more gloomy
recesses than most·of the others. It has developed a creeping habit,
by which it seems to derive benefit, being able by this means to grow
upward on a branch as the tree extends itself. When this species is
plentiful it forms quite a pretty decoration to the rugged branches.
The places where orchids are seen to advantage are not however on
the banks of the great rivers, but rather on those that are wide enough
to allow a moderate quantity of light to penetrate. Not having sufficient
sun-light to produce rampant vegetation, such places are very congenial
to a great number of species. High above the water rise the giant moras
and other immense timber trees, while here and there a great trunk leans
across the creek, its upper surface decorated with creeping ferns, peperomias, and the smaller species of orchids, such as PleurothctlUs and
Dichrea. In some of the larger forks grow immense masses of Oncidi~tm
altissimum, often 3 or 4 feet across, their elegant flower stems being
10 or 12 feet high, hanging or curving gracefully over and loaded with
hundreds of pretty yellow flowers. Brassias are also very common,
while here and there Stanhopea eburnea perfumes the air with its large
ivory-white pendulous blossoms. As the creek twists and turns about
a new vista is opened at intervals, every short reach, from the different
degree oflight, showing some diversity in its forms of vegetation. Now,
as the creek narrows, the canoe is paddled through a gloomy cavern
almost as dark as night, from which the exit appears at a distance like
the termination of a tunnel. Then comes a wide bay where the sun
shines in all its brilliancy. Here a mass of vegetation chokes the pas·
sage, and the cutlass has to be used freely, while a little farther a forest tree has fallen right across the stream, giving perhaps an hour's
work with the ax before the canoe can be pushed through, hauled over,
or drawn under.
On leaning trunks or projecting branches the eatasetums are generally plentiful. There are several species, which live under entirely
different conditions, and taken altogether, this genus is perhaps the
best example of adaptation to circumstances in the orchid family. On
the borders of the swamps, where only the eta palm will grow, Oatasetum longifolium finds a congenial home among its lower fronds. There
the orchid hangs downward and waves its long grass-like leaves in the
wind. Oatasetum discolor, as a contrast, has come down to the ground,
and on the sand reef, where the forest trees find it hard to live, this
species revels in the poorest soil. Being provided with large pseudo
bulbs, the Catasetum endures the change of seasons without injury.
Although its leaves are generally thin and are liable to be dried up
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during a drought, this does not injure it, as the reservoir of food enables
it to wait patiently and even flower under such conditions as might be
fatal to many other orchids. As if this were not enough, several
species have developed a faculty which is almost unique in plants,
although well known in the case of bees, that of producing male or
female according to circumstances. In the case of Octtasetum tridentatum there are three distinct shapes of flowers, which differ so much from
each other that, until Schomburgk found them growing on the same
plant, they were described not only as separate species, but even different genera. The male was known as Jlfyrtnthus barbatus, the female as
Monachctnthus viridis, while the third form, which appears to be hermaphrodite~ went by what is now the name of the species, Oatasetum
tridentatum. When this plant has plenty of food it produces a spike
of female or hermaphrodite flowers, which are thick and fleshy, resembling in shape an old-fashioned woman's cap or sunbonnet. These
flowers and their attendant capsules require a special effort, and can
only be satisfactorily produced when the plant is in good condition.
During a drought, when the plant is half starved, it would be unable
to support such a strain, therefore a few lighter and more elegant male
flowers are produced, and as there will always be some stronger plants
to produce those of the opposite sex the work of the weaker is not lost.
If one passes under one of these plants when in flower, a swarm of
yellow and black bumblebees (Eulema dimidiata) are seen hovering in
its neighborhood and flying from flower to flower. Except in this
locality not a single bee is to be seen, and perhaps a collector might
search for miles without finding a specimen. But when the Catasetum
opens, whether it is hidden in the fork of a tree, perched far up among
the foliage of the eta, or on sand thrown up from a charcoal pit, the insect is sure to find it out. The flowers are not generally brilliant or
showy, neither have they, like the Stanhopeas, any strong perfumes,
but nevertheless the bees discover them at once. Even in Georgetown, where many orchids do not find their fertilizing agents, and consequently remain barren, no sooner does the spike of flowers open than
the bees swarm round it. However it may be obstructed by foliage or
hidden in some out-of-the-way corner, the buzzing is heard in the early
morning, telling anyone who has his eyes open that a Catasetum is
flowering. Having succeeded in attracting the bee from a distance in
some unaccountable way, a feast is provided in the shape of a little
reservoir of nectar, to procure a sip of which the bee has to bring its
head in contact with a pair of incurved antennrn, one of which is very
sensitive. Immediately on touching this the cover of the little case
containing the pollen masses flies off, and, like a skip jack, these spring
out, when, by means of a sticky disk with which they are provided,
they adhere to the back of the insect and are carried to another flower.
Here the pollen masses come in contact with the stigma and the flower
is fertilized.
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Hangiug from-a creeper or branch may be seen here and there an
oval, bag-like mass of aerial roots, something like one of the nests of the
troupials so common on the silk cotton tree, above which are the
pseudo bulbs and leaves of that wonderful orchid, the Coryanthes.
After throwing out two or three roots to attach itself to its support, it
develops an interlacing network all round, in a way almost peculiar to
the genus. At :first sight it would be hard to say what purpoRe could
be served by such a contrivance, but strike or shake the plant and it
will be seen that it is nothing less than a veritable ant's nest. The
orchid is, like other plants, subject to the attacks of many foes such
as cockroaches and larvrn, which are particularly fond of the aerial roots.
To protect itself against these, the Coryanthes has chosen to provide
a comfortable nest, wherein a garrison of carnivorous ants find shelter,
they~ in return for the accommodation, being ready to come out and
fight at the :first alarm of an enemy. Other orchids which live in the
tree tops are not so subject to crawling insects as those nearer the
ground, and for that reason it appears that they have never seen tlte
necessity for this specia 1 protection. Epidendron (Diacri~tm) bicorntttum has obviously felt this need, and set to work in its own way to
accommodate a garrison. Being provided with long, cylindrical pseudobulbs, it has left these hollow, and for a doorway, allowed the shell to
split for about quarter of an inch at the base. In these well-protected homes the ants live and thrive, and in return for their lodging,
like those of the Coryanthes, are a standing terror to evil doers. Other
orchids, such as Gongora,, provide a half-shelter for ants, but their
efforts in that way are of little importance as compared with Coryanthes and Diacrium.
Having provided a guard against crawling vermin, the Coryanthes
proceeds to develop a most wonderful flower, in which every part is
obviously formed to attract a particular insect. The majority of insectfertilized flowers are grateful for the visits of either bees, butterflies, or
flies, but not so the Coryanthes. It has laid itself out only to catch
and utilize, without hurting it, a beautiful metallic green bee (Euglossa
a1tratct). From the base of one of its pseudo bulbs, a long flower stem
is produced, which pushes itself straight downwards. Upon this it
hangs a number of beautiful cups, into each of which a liquid drips
from two horn1ike processes in the upper part of the flower. Take a
china teacup with a spreading mouth, hang some little flags over the
handle, and stick a model of the :figurehead of a Polynesian canoe opposite, and you have something like one of them, as it opens itself in the
early morning from a bud resembling the swathing of a Chinese lady's
foot. The species vary in color and markings, being generally whitish
or yellow, blotched and spotted with crimson. Their odor, as judged
by our standard, is not pleasant, but nevertheless it is very attractive
to the bees, which immediately on their opening swarm round in great
numbers. Flying toward the flower, as a moth to a candle, the bee falls
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into the liquid which covers the bottom, and wetting its wings, is un·
able to use them. Look into the cup and you will see a dozen bees
swimming round and round, or vainly trying to climb the slippery sides,
and if it is the second day after opening, one or two may be seen
drowned. It was never the intention of the flower, however, that their
lives should be sacrificed, but on the contrary, that they should escape,
and in doing so perform the office for which the whole contrivance has
been arranged. Under the fiags, where the column comes near but
does not actually touch the cup, is a narrow opening, through which
the bee can push its way out. In doing this it has to use sufficient force
to widen the gap, which opens like a spring door, when it comes in contact with the pollen case, ruptures it, and carries off the male organ on
its back. Not being able to fly, there is nothing to be done but to
crawl over the flower spike, where, heedless of its former trouble, it
soon finds itself inside another flower. In making its way out, the pollen masses are rubbed on the stigma, and the ovary fertilized, after
whieb it may carry out tne pollen masses of this flower in turn to fertilize another.
Another side of the struggle for life is exemplified on the sand reefs.
Extending for miles, large expanses of white ridges vary the monotony of dense forest and stream. Here and there, between clumps of
low bushes, the open space glares with reflected light and heat, while
tbe sand itself is so hot that the barefooted Indian is obliged to peel
two pieces of bark to protect the soles of his feet against it. Without
such an excessive rainfall as that of Guiana, these reefs would be quite
barren, but under the circumstances, the hardier shrubs and a few ·
trees manage to exist. Where forest trees have succeeded in obtaining
a footing they push their roots far down below the surface, where the
sand is moist and cool, but finding little food, they naturally grow
much slower and are more hardy than the same species in the dense
forest. For this reason timber from such places is always highly valued, as being free from sap. Here it is no longer a fight with each
other, but a hard struggle for bare existence. Everything is arid and
dry, the shrubs being strong and sturdy, though small, while the few
herbaceous plants have leaves especially fitted to their surroundings.
Try to dig up one of these and you may scrape away for many feet
before you get beyond the tap root. Here, in contrast with the "high
wood,'' annuals are seen duriug the rainy season. Not having been
able to develop any other special provision, they flower and die, leaving their seeds to germinate after the drought is over. Orchids abound
everywhere upon the low shrubs, while several genera have succeeded
in accommodating themselves to tho sand itself. Here is a Cyrtopodium with a magnificent panicle of yellow flowers, but what a fine pseudo bulb is this! Three to four feet long, and thick and fleshy, it contains a store of food against all contingencies. Unlike its relations of
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the tree tops, it revels in the glare, only partially screening itselfbeside
the bushes.
There is a certain amount of uniformity in the " high woods," notwithstanding that two trees of the same species are hardly ever seen
together. The conditions being the same, and there being no room for
developing many special peculiarities, the result to an ordinary traveller is rather monotonous. The sand reefs, on the contrary, show a
fertility of invention. Here, some kinds of plants entirely alter their
character with their habitat. A fern (Schizcea), instead of showing
the delicacy of form and texture common to the order, has changed
itself into a wiry grass-like creature, without beauty or comeliness.
Lichens and mosses take advantage of the slight screen of the clumps
of bzzshes1 and gTo_w on tne 'sana as we)) as on tb~ brilnon~~- \j\\Tfi\)~1''8
run along the sand, while the demon clusias :flourish without strangling
their neighbors. Plants whose relatives are forest giants dwindle here
to little dwarf shrubs of a few inches high, with small leaves densely
covered with hair or down to collect the dew which falls so plenteously
in the dry seasons.
Much more could be said on the various aspects of this great struggle.
Every species, and even every individual, is worthy of attention. It
would almost seem as if thousands of species would fall and become
extinct, and that such has been the case there can be no doubt. Nevertheless, there are so many provisions against .this, that on the other
hand, we see that such a thing is comparatively rare. Opposed to the
thousand chances against the individual, nature has provided a thousand and one in its favor. A tree with a multitude of :flowers will produce one or two seeds to each, while an orchid, with only a few, often
numbers its seeds by tens of thousands. Some trees have fruits which
are food for beasts, birds, and fishes, but with all this there will always
be a few left to produce others of the same species.

SOME DIFFICULTIES IN THE LIFE OF AQUATIC INSECTS.*

By !'rof. L. C.

MIALL • .

We understand insects to be animals of small size, furnished with a
hard skin and six legs, breathing by branched air tubes, and commonly
provided in the adult condition with wings. The animals thus organized are pre-eminently a dominant group, as is shown by the vast number of the species and individuals, their universal distribution, and their
various habitat.
The insect type, like some fruitful inventions of man-paper or lithography, for instance-has proved so successful that it has been found
pro-fitable to adapt it to countless distinct purposes. I propose to consider one only of its infinitely varied adaptations, viz, its adaptation to
aquatic life.
There are insects which run upon the earth, insects which fly in the
air, and insects which swim in the water. The same might be said of
three other classes of animals, the three highest, viz, mammals, birds,
and reptiles. But insects surpass all other classes of animals in the
variety of their modes of existence. Owing to their small size and hard
skin they can burrow into the earth, into the wood of trees, or into the
bodies of other animals. There are some insects which can live in the
water, not as the mammal~ bird, or reptile does, coming up from time
to time to breathe, but constantly immersed, like a fish. This is the
more remarkable because insects are, as a class, air-breathers. Air
tubes or trache::e, branching tubes, whose wa1ls are stiffened by spiral
threads, supply all the tissues of the body with air. That such an animal should be hatched in water and live almost the whole of its life
immersed, a thing which actually happens to many insects, is a matter
for surprise, and implies many modifications of structure, affecting all
parts of the body.
The adaptation of insects to aquatic ·conditions seems to have been
brought about at different times, and for a variety of distinct purposes.
Many dipterous larvre burrow in the earth. Some of these frequent
the damp earth in the neighborhood of streams. Others are found in
earth so soaked with water that it might almost be called mud, though
*Evening discourse, delivered before the British Association, Cardiff, 1891.(From Nature, September 10, 1891: vol. XLIV, pp. 457-461.)
349

350

SOME DIFFICULTIES IN THE LIFE OF AQUATIC INSECTS.

they breathe by occasionally taking in atmospheric air. In yet more
specialized members of the same or<ler we find that the larva inhabits
the mud at the bottom of the stream, and depends for its respiration
entirely upon oxygen dissolved in the water. The motive is usually
that the larva may get access to the decaying vegetable matter found
in slow streams, but some of these larvm have carniverous propensities.
Other insects merely dive into the water, coming up from time to
time to breathe, or skate upon the surface.
Nearly every order of insects eontains aquatic forms, and the total
number of such forms is very large. I believe that all are modifieations
of terrestrial types, and it is probable that members of different families have often betaken themselves to the water independently of one
another.
The difficulties which aquatic insects have to encounter begin with
the egg. It is in most cases convenient that the egg should be laid in
water, though this is not indispensable, and the winged, air-breathing
fly is as a rule ill fitted for entering water. Some insect eggs hatch if
they are merely scattered, like grains of sand, over the bottom of a
stream, but others must be laid at the surface of the water, where they
can gain a sufficient supply of oxygen. If the water is stagnant it will
suffice if the eggs are buoyant, like those which compose the egg raft
of the gnat, but this plan would hardly answer in running streams,
which would carry light, floating eggs to great distances, or even sweep
them out to sea. Moreover, floating eggs are exposed to the attacks
of hungry creatures of various kinds, such as birds or predatory insect
larvm. These difficulties have been met in the cases of a number of
insects by laying the eggs in chains or strings, and mooring them at
the surface of the water. The eggs are invested by a gelatinous envelope, which swells out the moment it reaches the water into an abundant, transparent mucilage. This mucilage answers more than one
purpose. In the first place it makes the eggs so slippery that birds or
insects can not grasp them. It also spaces the eggs, and enables each
to get its fair share of air and sunlight. The gelatinous substance
appears to possess some antiseptic property, which prevents water
moles from attacking the eggs; for, long after the eggs have hatched
out, the transparent envelope remains unchanged. The eggs of the
frog, which are laid in the stagnant water of ditches or ponds, float free
at the surfaee, and do not require to be moored. The eggs of many
snails are laid in the form of an adhesive band, which holds firmly to
the stem or leaf of an aquatic plant. Some insects, too, lay tlwir eggs
in the form of an adhesive band. In other cases the egg ehain is moored
to the bank by a slender eord.
The common two-winged fly, Chironomus, lays its eggs in transparent cylindrical ropes, which float on the surface of the water.
During the summer montbs these egg ropes, which are nearly an
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inch in length, may readily be found on the edges of a stone fountain
in a garden, or in a water trough by the side of the road. The
eggs are arranged upon the outside of the rope in loops, which bend to
right and left alternately, forming sinuous lines upon the surface.
Each egg rope is moored to the bank by a thread, which passes through
the middle of the rope in a series of loops, and then returns in as many
reversed and overlapping loops, so as to give the appearance of a lock
stitch. The thread is so tough that it can be drawn out straight with
a needle without breaking. If the egg rope is dipped into boiling
water the threads become apparent, but in the natural state they are
invisible, owing to their transparency. The mucilage is held together
by the threads inter-woven with the mucilage. The loops can be
straightened without injury until the length of the rope is almost
doubled. If stretched beyond this point the threads become strained
and do not recover their original shape when relea8ed. By means of
these threads, firmly inter-woven with the mucilage of the egg rope, the
whole mass of many hundreds of eggs is firmly moored, yet so moored
that it floats without strain, and rises or falls with the stream. The
eggs get all the sun and air which they require, and neither predatory
insects, nor birds, nor water molds, nor rushing currents of water,
can injure them.
The eggs of the caddis-fly are laid in larger ropes, which, in some
species, are very beautiful objects, owing to the grass-green color of
the eggs. The egg raft of the gnat, which has often been described,
is well suited to flotation in stagnant water, and is freely exposed to
the air, a point of unusual importance in the case of an insect which in
all stages of growth seems to need the most efficient means of respiration, and whose eggs are usually laid in water of very doubtful purity.
The lower or submerged end of each egg opens by a li(l, and through
this opening the larva at length escapes.
The eggs of water-haunting insects are in many ways particularly
well suited for the study of development. The eggs of Ohironomus,
for instance, can always be procured during the summer months. They
are so transparent as to admit of examination under high powers of
the microscope as living objects, and as they require no sort of preparation, they may be replaced in the water after each examination to
continue their development. This saves all trouble in determining
the succession of the different stages, a point which usually presents
difficulties to the embryologist. The whole development of the egg of
Ohironomus is completed in a few days (three to six, according totemperature), and it is therefore an easy matter to follow the process
throughout with the help of three or four chains of eggs.
When the larvm are hatched and escape into the water, new difficulties arise. Some have to seek their food at the surface of the water,
and must yet be always immersed, others live upon food which is only
to be found in rapid streams, and these run serious risk of being swept
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away by the rush of water. All need at least a moderate supply of
oxygen, which has either to be drawn from the air at the surface, or
extracted from the water by special organs. The difficulty of breathing
is of course greatly increased when the larva seeks its food at the
bottom of foul streams, as is the case with certain Diptera. The larva
of Ohironomus, for example, feeds upon vegetable matter, often in a
state of decay, which is obtained from the mud at the bottom of slow
streams, and in this mud the larva makes burrows for itself, cementing
together all sorts of materials by the secretion of its salivary glands
drawn out into fine silken threads. The burrows in which the larva
lives furnish an important defense against fishes and other enemies,
but they still further increase the difficulty of procuring a supply of
air. Hence, the larva frequently quits its burrow, especially by night,
and swims towards the surface. At these times it loops its body to and
fro with a kind of lashing movement, and is thus enabled to advance
and rise in the water. J1-,rom the well-aerated water at the surface of
the stream it procures a free supply of oxygen, which becomes dissolved in the abundant blood of the larva. Four delicate tubes filled
with blood, which are carried upon the last segment of the body, are
believed to be especially intended for the taking up of dissolved oxygen. The tracheal system is rudimentary and completely closed, and
hence gaseous air can not be taken into the body. The dissolved oxygen, procured with much exertion and some risk, must be stored up
within the body of the larva, and used with the greatest economy. It
is appareutly for this reason that the larva of Ohironomus contains a .
blood-red pigment, which is identical with the hrnmoglobin of vertebrate an~mals. The hrnmoglobin acts in the Ohi.ronomus larva, as it
does in our own bodies, as oxygen-carrier, readily taking up disso-lved oxygen, and parting with it gradually to the tissues of the body.
It is instructive to Dotice tliat only such Ohironomus larvrn as live
at the bottom and burrow in the mud possess the red hrnmoglobin.
Those which live at or near the surface have colorless blood, and a
more complete-though stiJl closed-tracheal system. The larva of the
carnivorous Tauypus, which is found in the same streams, but does
not burrow, has a much more complete tracheal system, and only
enough brnmoglobin to give a pale red tint to the body. The larva of
the gnat, again, which bas a large and open tracheal system, and in all
stages of growth inhales gaseous air, has no hrnmoglobin at all. A list
of th.e many animals of all kinds which contain h:::emoglobin shows that
for some reason or another each of them requires to use oxygen economically. Either the skin is thick, and the respiratory surface limited, or
they are inclosed in a shell or they burrow in earth or mud. We might
expect to find that hrnmoglobin would always be developed in the blood
of animals whose respiration is rendered difficult in any of these ways,
but a-ny such expectation would prove to be unfounded, and there are
many animals whose mode of life renders it necessary that oxygen
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should be stored and economically used, which contain no h~moglobin
in their blood. Hence, while we have a tolerably satisfactory reason
for the occurrence of hrnmoglobin in a number of animals whose respiratory surface is limited, and whose surroundings make it a matter of
difficulty to procure a sufficient supply of oxygen, we have to admit
that many similar animals under the same conditions manage perfectly
well without h~moglobin. Such admission is not a logical refutation
of the explanation. I might fairly put forward the baldness of mankind as at least the principal reason for wearing wigs, and this explanation would not be impaired by any number of cases of bald men who
do not wear wigs. The fact is that the respiratory needs (even of
closely allied animals) vary greatly, and further, there are more ways
than one of acquiring and storing up oxygen in their bodies.
Either the storage capacity for oxygen of the Chironomus larva is
considerable, or it must be used very carefu11y, for the animal can subsist long without a fresh supply. I took a flask of distilled water,
boiled it for three-quarters of an hour, closed it tight with an Indiarubber bung, and left it to cool. Then six larvrn were introduced, the
small space above the water being at the same time :filled up with carbonic acid. The bung was replacecl and the larvrn was watched from
day to day. Four of the larvrn survived for rorty-eight hours, and one
till the .fifth day. Two of them changed to pnp::e. Nevertheless, the
water was from the first exhausted of oxygen, or nearly so.
The Chironomus larva is provided· with implements suited to its mode
of life. The head, which is extremely small aud hard, carries a pair of
stout jaws, besides a most complicated array of hooks, some :fixed, some
movable. The use of these minute appendages can not always be
assigned, but some of them are apparently employed to guide the silky
threads which issue from the salivary glands. The :first segment behind
the bead carries a pair of stumpy legs, which are set with many hooks.
TI1ese are mainly used in progression, and help the larva to hitch itself
to and fro in its burrow. A similar, but longer pair of hooked feet, is
found at the end of the body. This hinder pair serves to attach the
animal to its burrow when it stretches forth in search,of food.
Creeping aquatic la.rvrn, such as Ephydra, possess several pairs of
legs in f::ont of the last pair, but the burrowing species, such as caddisworms, agree with Chironomus, not only in their mode of life, but also
in the reduction of the abdominal legs to a single pair, which are conspicuous1y hooked.
The larval head in this, as in many other aquatic insects, is far
smaller and simpler than that of the fly. The larval head is little more
than an implement for biting and spinning, by no means such a seat
,of intelligence as it is in higher animals. In Cbironomus it contains no
prain; the eyes are mere specks of pigm~nt, and the anteunm are
insignificant. But the head of the fly incloses the brain, and bears
elaborate organs of special sense-ru~ny-facetted eyes, and in the male
H. Mis, 3347 pt. +~. ~3
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beautiful plumed antennm. This difference in size and complexity
probably explains the fact that the head of the fly is not developed
within the larval head, but in the thorax. It is only at the time of
pupation that it becomes everted, and its appendages assume the position which they are ultimately intended to occupy.
At length the Chironomus wiggles out of the larval skin, and is
transformed into a pupa. It no longer requires to feed, and the mouth
il; completely closed. It is equally uiutble to burrow, and usually lies
on the surface of the mud. Two tufts of silvery respiratory filaments
project from the fore end of the body just behind the future head, and
these wave to and fro in the water, as the animal alternately flexes and
extends its body. At the tail cn<l are two flaps, fringed with stout
bristles, which form a kind of fan. Tlle pupa virtually consists of the
body of t}:le fly, inclosed within a transparent skin. The organs of the
fly are already complete externally, and even in microscopic detail they
very closely resemble those of the perfect animal. These parts are
however as yet very imperfectly displayed. The wings and legs are
folded up along the sides of the body, and are incapable of independent
movement. For two or three days there is no outward change, except
that the pupa, which originally had the blood-red color of the larva,
gradually assumes a darker tint. The tracheal system, which was
quite rudimentary in the larva, but is now greatly enlarged, becomes
fille<l with air, secreted from the water by the help of the respiratory
tufts, and the pupa floats at the surface. At last the skin of the back
splits, the fly extricates its limbs and other appendages, pauses for a
moment upon the floating pupa case, as if to dry its wings, and then
flies away.
This fly is a common object on our window-panes, and would be called
a gnat by most people. It can be easily distinguished from a true gnat
by its habit of raising the forelegs from the ground when at rest. It
is entirely harmless, and the mouth parts can neither pierce nor suck.
Like many other Diptera, the flies of Chironomus associate in swarms,
which are believed in this case to consist entirely of males. The male
fly has plumed antennm, with dilated basal joints. In the female fly the
antennm are smaller and simpler, as well as more widely separated.
In brisk and lively streams another Dipterous larva may often be
found in great numbers. This is the larva of Simulium, known in the
winged state as the sand fly. The Simulium larva is much smaller than
that of Chironomus, and its blood is not tinged with red. The head is
provided with a pair of ciliary organs, fan-like in shape, consisting of
many longish filaments, and borne upon a sort of stem. The fringed
filaments are used to sweep the food into the mouth. The larva of
Simulium subsists entirely upon microscopic plants and animals.
Among these are great numbers of diatoms, and the stomach is usually
found half full of the flinty valves of these microscopic plants. The
§jmp.lium larva see4:s its fooq in r~pid currents of water, and a brisk
I
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flow of well-aerated water has apparently become a necessity to it. If
the larvre are taken out of a stream and placed in a vessel of clear water,
they soon become sluggish, and in warm weather do not survive very
long. It matters little however to the larvre whether the water in
which they live is pure or impure, and streams which are contaminated
with sewage often contain them in great abundance. There are no
externally visible organs of Tespiration, but the skin is supplied by an
abundant network of fine tracheal branches, which, no doubt, take up
oxygen from the wel1-aTeated water in which tbe animal lives. From
this network at the surface branches pass to supply all the internal
organs. The Simulium larva is found upon aquatic weeds, and the
pair of hindfeet, which in Ohironomus were shaped so as to enable the
larva to hold on to its burrow, here become altered, so as to furnish a
new means of attachment. The two feet are completely united into
one. The two clusters of hooks found in the Ohironomus larva form
now a circular coronet, and the center of the inclosed space becomes
capable of being retracted by means of muscles which aTe inserted into
it from within. The laTva is thus enabled to adhere to the smooth surface of a leaf, holding on by its sucker, which is, no doubt, aided by the
circle of sharp hooks. Efficient as this adhesive organ undoubtedly
is, it must be liable to derangement by occasional accidents, as for
instance if there should be a sudden Tush of water of unusual violence,
or if the larva should be obliged to quit its hold in order to avoid some
dangerous enemy. In the case of such an accident it is not easy to see
how it will ever Tecover its footing. Swept along in a rapid current,
we might suppo.:,e that there would be but a slender probability of its
ever finding itself favorably placed for the application pf its suckeT
ar1d hooks. But such emergencies have been carefully provided for.
The salivary glands, or silk organs, which the Ohironomus laTva uses
in weaving the wall of its burrow, furnish to the Simulium larva long
mooring threads, by means of which it is anchored to the leaf upon
which it lives. Even if the larva is dislodged, it is not swept far by
the stream, and can haul itself in along the mooring thread in t.he same
way that a spider or a Geometer laTva climbs up the thread by which,
when alarmed, it descended to the ground.
Whrn the time for pupation comes special pTovision has to be made
for the peculiar circumstances in which the whole of the aquatic life of
the Simulium is passed. An inactive and exposed pupa, like that of
Ohironomus, may fare well enough on the soft muddy bottom of a slow
stream, but such a pupa would be swept away in a moment by the cur~
rents in which Simulium is most at home. When the time of pupation
rlraws near the insect constructs for itself a kind of nest, not unlike in
shape the nest of some swallows. This nest is glued fast to the surface
of a water-weed. The salivary glands, which furnished the mooring
threads, supply the material of which the nest is composed. Sheltered
within this smooth and tapering case, whose pointed tip is directed up-

356

SOME DIFFICULTIES IN 'rHE LIFE OF AQUATIC INSECTS.

stream, while the open mouth is turned down stream, the pupa rests
securely during the time of its transformation.
When the pupa case is :first formed it is completely closed and eggshaped, but when the insect has cast the larval skin one end of the
case is knocked off, and the pupa now thrusts the fore part of its body
into the current of water. The respiratory :filaments, which project
immediately behind the future head, just as in Chironomus, draw a sufficient supply of air from the continually changed water around. The
rings of the abdomen are furnished with a number of projecting hooks,
which are able to grasp such objects as :fine threads. The interior of
the cocoon is felted by a number of silken threads, and by means of
these the pupa gets an additional grip of its case. If it is forcibly dislodged a number ofthe silken threads are drawn out from the felted
lining of the case. The fly emerges into the running water, and I do
not know how it manages to do so without being entangled in the current of water and swept down stream. The pupa skin splits open just
as it does in Chironomus, but remains attached to the cocoon.
The larva of the gnat is perhaps more familiar to naturalists of all
kinds than any other aquatic dipterous insect. The interesting
description, and above all the admirable engravings of Swammerdam,
now more than two hundred years old, are familiar to every student of
nature.
The larva, when at rest, floats at the surface of stagnant water. ltt<l
head, which is provided with vibratile organs suitable for sweeping
minute particles into the mouth, is directed downwards, and when
examined by a lens in a good light appears to be bordered below by a
gleaming band. There are no thoracic limbs. The hind limbs, which
were long and hooked in the burrowing Chironomus larva, and reduced
to a hook-bearing sucker in Simulium, now disappear altogether. A
new and peculiar organ is developed from the eighth segment of the
abdomen. This is a cylindrical respiratory siphon, traversed by two
large air tubes which are continued along the entire length of the body
and supply every part with air. The larva ordinarily rests in such a
position that the tip of the respiratory siphon is flush with the surface
of the water, and thus suspended, it feeds incessantly, breathing uninterruptedly at the same time. When disturbed it leaves the surface
by the sculling action of its broad tail. Once below the surface it sinks
slowly to the bottom by gravity alone, which shows that the body
is denser than the water. We have therefore to explain how it is
enabled to float at the surface when at rest. The larva does not willingly remain below for any length of time. It rises by a jerking movement, striking rapid blows with its tail, and advancing tail foremost.
When it reaches the top it hangs as before, head downwards, and
resumes its feeding operations .
. In order to explain how the larva hangs from the surface against
~Tav~t.y, I must trouble you wit4 some ~cco11-nt of ~4e propert~e~
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of the surface film of water. You will readily believe that I have
nothing new to communicate on this subject, and I venture to show
you a few very simple experiments, merely because they are essential
to the comprehension of what takes place in the gnat.*
In any vessel of pure water, the particles at the surface, though not
differing in composition from those beneath, are nevertheless in a
peculiar state. I will not travel so far from the region of natural history as to offer any theoretical explanation of this state, but will
merely show you experimentally that there is a surface film which resists the passage of a solid body from beneath. [Mensbrugghe's float
shown.] You see (l) that the float is sufficiently buoyant to rise well
out of the water; (2) that, when forcibly submerged, it rises with ease
through the water as far as the surface film; (3) that it is detained by
the surface film, and can not penetrate it. The wire pulls at the surface film and distorts it, but is unable to free itself. In the same way
the surface film resists the passage of a solid body which attempts to
penetrate it from above. This will be readily seen if we throw a loop
of aluminium wire upon the surface of water. [Experiment shown.]
The loop of wire floats about like a stick of wood. Aluminium is, of
course, much lighter than iron, but the floating of this little bar does
not mean that it has a lower density than that of water. If the bar is
once wetted, it sinks to the bottom and remains there. Even a needle
may, with a little care, be made to float upon the surface of perfectly
pure water. Still more readily can a piece of metallic gauze be made
to float on water. [Experiment shmvn. J Air can pass through the
meshes with perfect ease; water also can pass through the meshes with
no visible obstruction. But the surface film, bounding the air and
water, is entirely unable to traverse even meshes of appreciable size.
These simple experimental results will enable us to appreciate certain
facts of structure, which would otherwise be bard to understand, and
which have been wrongly explained by naturalists of the greatest eminence, to whom the physical discoveries of this century were mtknown.
We may now try to answer three questions about the larva of the
gnat, viz:
(1) How is it able to break the surface film when it swims upwards?
(2) How is it able to remain at the surface without muscular effort,
though denser than water?
(3) How is it able to leave the surface quickly and easily when
alarmed?
The tip of tbe respiratory siphon is provided with three flaps, two
large and similar to one another, the third smaller and differently
shaped. These flaps can be opened or closed by attached muscles.
When open they form a minute basin, which, though not completely
closed, does not allow the surface film of water to enter. When closed
*A number of other experiments, illustrating the properties of the surface film of
water, are describetl by Prof. Boys in his delightful book on "Soap Bubbles."
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the air within the siphon is unable to escape. At the time when the
larva rises to the surface the pointed tips of the flaps first meet the
surface film and adhere to it. 'rhe attached muscles then separate the
flaps, and in a moment the basin is expanded and filled with air. The
surface film is now pulling at the edges of the basin, and the pull is
more than sufficient to counterbalance the greater density of the body
of the larva, which accordingly hangs from the surface without effort.
When the larva is alarmed and wishes to descend the valves close,
their tips are brought to a point, and the resiRting pull of the surface
film is reduced to an unimportant amount. [Living larvre s.h own by
the lantern.]
Swammerdam found it necessary in explaining the flotation of the
larva of the gnat to suppose that the extremity of its siphon was supplied with an oily secretion which repelled the water. No oil gland
can be discovered here or elsewhere in the body of the larva, and,
indeed, no oil gland is necessary. The peculiar properties of the surface film explain all the phenomena. The surface film is unable to
penetrate the fine spaces between the flaps for precisely the same reason that it is unable to pasH through the meshes in a piece of gauze.
After three or four moults the larva is ready for pupation. By this
time the organs of the future fly are almost completely formed, and the
pupa assumes a strange shape, very unlike that of the larva.
At the head end is a great rounded mass, which incloses the wings
and legs of the fly, besides the compound eyes, the mouth parts, and
other organs of the head. At the tail end is a pair of flaps, which form an
efficient swimming fan. The body of the pupa, like that of the larva,
is abundantly supplied with air tubes, and a communication with the
outer air is still maintained, though in an entirely different way. The
air tubes no longer open toward the tail as in the larva, but toward
the head. Just behind the head ofthe future fly is a pair of trumpets,
so placed that in a position of rest the margins of the trumpets come
flush with the surface of the water. Floating in this position the pupa
remains still so long as it is undisturbed, but if attacked by any of the
predatory animals which abound in fresh waters it is able to descend by
the powerful swimming movements of its tail fin.
Not that the descent is without its difficulties. The pupa is not like
the larva, denser than water, but buoyant. There are two respiratory
tubes in the pupa, whereas there is only one in the larva, and to these
two tubes the surface film clings with a tenacity of which only experiment can give an adequate idea. Will you allow me to give you a little
more borrowed physics~
If we take a solid body, capable of being wetted by water, and place
it in water, the surface film will adhere to the solid. If the solid is
less dense than the water it will float with part of its surface out of the
water. Under such circumstances the surface film will be drawn upwards around the solid, and will therefore pull the solid downwards.
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But if the solid is denser than the water, the surface film around the
solid will be pulled downwards, and will pull the solid upwards. Suppose that a solid of the same density as water floats with part of its
surface in contact with air, and that weights are gradually added to it.
The result will be that the surface of the water around the up_per edge
of the solid will become more and more depressed. The sides of the
depression will take a more vertical position, until at last the upward
pull of the film becomes unable to withstand further increase of wejght.
If this point is passed, the solid will sink. Before this point is attained,
we shall have the solid, though denser than water, kept at the surface
by the pull of the surface film.
This state of things may be illustrated by a model. [Float with glass
tube attached to its upper surface.] You will readily see that the float
has to be weighted appreciably in order to break the connection of the
tube with the surface film. Now the pupa of the gnat has a pair of tubes
which are in like manner attached to the surface of the water. When it
requires to descend, the pull of the surface film would undoubtedly be
considerable. Adding weight to the body is, of course, impossible, and a
great exertion of muscular force would be wasteful of energy, even if it
could be put forth. The gnat deals with its difficulty in a neater way
than this, and saves its muscular power for other occasions. Let me show
you a method of freeing the float from the surface, which was suggested
by observation of what was seen in the pupa of the gnat. A thread
wetted with water is drawn over the mouth of each tube. It cuts the
connection with the surface, and the float, loaded so as to be denser
than water, goes down at once. Meinert has described a pencil of hairs
which appear to perform the same office for the pupa of the gnat. The
hairs draw a film of water over the open mouth of each respiratory tube,
and muscular contraction, used moderately and economically, does the
rest. When the pupa again comes to the surface the tubes are overspread by a glistening film of water. This is partially withdrawn by a
movement of the hairs, so that a chink appears by which air can be
slowly renewed. When the insect is completely tranquil, the hairs
appear to withdraw more completely, and the tube suddenly becomes
free of all film. The act of opening or closing the film is so ra-pid-like
the wink of an eye-that I can not pretend to have observed more than
the closed tube, the slightly open tube, and then the sudden change to
a completely open condition. [Living puprn shown by the lantern.]
Another Dipterous larva described and admirably figured by Swammerdam is the larva of Stratiomys, a larva which, as the structure of
the fly shows, belongs to an altogether different group from Chironomus, Simulium, or the gnat. Though only remotely connected with the
gnat in the systems of zoOlogists, the Stratiomys larva has learned the
same lesson, and is equally well fitted to take advantage of the peculiar
properties of the surface film. The tail end of the Stratiomys larva is
provided with a beautiful coronet of branched filaments. When the
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coronet is extended it forms a basin open to the air [Lnd imperyious to
water, by reason of the fineness of the meshes between the component
filaments. Were the larva provided with a basin of the same proportions formed out of continuous membrane, it might float and breathe
perfectly well, but tbe old difficulty would come back, viz, that of
freeing itself neatly and quickly when some sudden emergency required
the animal to leave the surface. As it is, the plumed filaments collapse
and their points approach; the side branches are folded in, and the
. basin is in a moment reduced to a pear-shaped body, filled with a globule of air, and reaching the surface of the water only by its pointed
extremity. Down goes the Stratiomys larva at the first hint of danger,
swimming through the water with swaying and looping movements,
somewhat like those of Ohironomus. When the danger is past, it
ceases to struggle and floats again to the surface. The pointed tip of
its tail fringe pierces the surface film, the filaments separate once more,
and the floating basin is restored.
The larva of Stratiomys is extremely elongate. The length of its
body has evidently some relation to the mode of life of the larva, but
none at all to that of the fly which is formed within it. The pupa is so
much smaller than the larva as to occupy only the fore part of the space
within the larval skin.* The interval becomes filled with air, and
during the pupal stage the animal floats at the surface within the
empty larval skin.
Stratiomys, both in its larval and pupal states, floats at the surface
of the water. The larva can descend into the water when attacked,
but the pupa is too buoyant1 and too much encumbered by its outer
case, to execute any such maneuver. Provision has accordingly to be
made for the protection of the helpless pupa against its many enemies~
It is probable that hungry insects and birds mistake the shapeless larval skin, floating passively at the surface, for a dead object. The considerable space between the outer envelope, or larval skin, and the
body of the pupa may keep off others, for the first bite of a Dytiscus
or dragon-fly larva would be disappointing. Still further security is
gained by the texture of the larval skin itself. The cuticle consists of
two layers. The inner is comparatively soft and laminated, while the
outer layer is impregnated with calcareous salts, and extremely hard.
The needful flexibility is obtained bv the sub division of the hard outer
layer. Seen from the surface, it is broken up into a multitude of hexagonal fields, each of which forms the base of a conical projection, reaching far into the softer layer beneath. The conical shape of these calcareous nails allows a certain amount of bending of the cuticle, while
the whole exposed surface is protected by an armor, in which even the
pointed mandibles of a Dytiscus larva can find no effective chinle
* So singular is the disproportion between the larva and the pupa that some naturalists have actnally described the latter as a parasite (Westwood's "Mod. Classi·fication of Insects," vol. u, p. 532).
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The larva and pupa of the Dipterous fly, Ptychoptera pahtdosc(;, exhibit
some interesting adaptations of the tracheal system to unusual conditions. The larva is found in muddy ditches, where it buries itself
in the black ooze to a depth of an inch or two. Here, of course, it can
procure no oxygen, either gaseous or dissolved. When it requires a
fresh supply, it must reach the surface with part of its body, and to
enable it to do so with the least possible exertion, the tail end of the
body is made telescopic, like that of another and still more familiar
Dipterous larva, Eristalis. The last segments are drawn very fine, and
are capable of a very great amount of retraction or expansion. No visible opening for the admission of air has been discovered, nor do the
hairs form a floating basin, as in the Stratiomys larva. The larva may
be often seen lying just beneath the surface, which is broken by the tip
of the tail. Whether ~ir can be admitted here by some very minute
orifice, or whether it is renewed by the exchange of gases through a
thin membrane, I can not as yet venture to say. In shallow water the
larva may be occasionally found lying on or in the mud, and stretching
out its long tail to the surface. In deeper water it often floats at the
surface.
Two tracheal trunks run along the whole length of the body, including the slender tail, where they are extremely convoluted and unbranched. Toward the middle of the body the trachern become greatly
enlarged in the center of each segment, the intervening portions, from
which many branches are given off, being comparatively narrow. Each
tube therefore resembles a row of bladders connected by small necks.
A cross section shows that the tubes are not cylindrical, but flattened,
and that, while the lower surface is stiffened by the usual parallel
thickenings, the upper surface is thrown into two deep longitudinal
furrows, so that it is really inflated, becoming circular in section, and
readily collapses again when tlte air is expelled. It seems likely that
the buoyancy of the larva can thus be regulated, and a larger or smaller
quantity of air taken in as desired.
The pupa has a pair of respiratory tubes, which are carried, not on
the tail, but on the thorax, close behind the head. One of these tubes
is very long, the other very short. The long tube is twice as long as
the body and tapers very gradually to its free tip. Here we find a
curious radiate structure, rather like the teeth of a mo~s.capsule, which
seems adapted for opening and closing. There is however no orifice
which the most careful scrutiny has succeeded in discovering. A delicate membrane extends between the teeth, and prevents any passage
inward or outward of air in mass. The tube incloses a large trachea,
the continuation of one of the main tracheal trunks. This is stiffened
bY a spiral coil, but at intervals we find the coil deficient, while the
wall of the tube swells out into a thin bladder. However the tube is
turned, a number of these bladders come to the surface. As the pupa
lies on the surface of the mud, the filament floats on the top of the
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water, and the air is renewed without effort through the thin-walled
bladders.
Why should the position of the respiratory organs be changed from
the tail end in the larva to the head end in the pupa '~ Ohironomus,
the gnat, Corethra, and many other aq_ uatic insects ex hibit the same
phenomena. Evidently there must be some reason why it is more convenient for the larva to take in air by the tail, and for the pupa to take
in air by the head. Let us consider the case of the larva first. Where
it floats from the surface, or pushes some part of its body to the surface, it is plain that the tail must come to the top and bear the respiratory outlet, for the head bears the mouth and mouth organs, and must
sweep to and fro in all directions, or even bury itself in the mud in
quest of food. To divide the work of breathing and feeding between
the opposite ends of the body is of obvious advantage, for the breathing can be done best at the top of the water, and the feeding at the
bottom, or at least beneath the surface. Such considerations seem to
have fixed the respiratory organs at the tail of the larva. Why then
need this arrangement be reversed when the insect enters the pupal
stage~ There is now no feeding to be done, and it surely does not
signify how the head is carried. Why should not the pupa continue
to breathe like the larva, by its tail, instead of developing a new apparatus at the opposite end of its body, as if for change's sake~ V\T ell,
it does not appear that, so far as the pupa itself is concerned, any good
reason can be given why the larval arrangement should not continue.
But a time comes when the fly has to escape from the pupa case. The
skin -splits along the back of the thorax, and here the fly emerges,
extricating its legs, wings, head, and abdomen from their close-fitting
envelopes. The mouth parts must be drawn backward out of their
larval sheaths, the legs upward, and the abdomen forward, so that
there is only one possible place of escape, viz, by the back of the
thorax, where all these lines of movement converge. If then the fly
must escape by the back of the thorax, the back of the thorax must
float uppermost during at least the latter part of the pupal stage.
Otherwise the fly would emerge into the water instead of into the
air. Granting that the back of the thorax must float uppermost in
the pupal condition, it is clear that here the respiratory tubes must
be set.
I need hardly speak of the many insects which run and skate on the
surface of the water in consequence of the peculiar properties of the
surfaee film. They are able to do so, first, by reason of their smaU
size; secondly, because of the great spread of their legs; and thirdly,
on account of the fine hairs with which their legs are provided. The
adhesion of the surface film is measured by the length of the line of
contact, and accordingly the multiplication of points of contact may
indefinitely increase the support afforded by the surface of the water.
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In the case of very small insects it becomes possible not only to run
on the surface of the water but even to leap upon it, as upon a table
This is particularly well seen in one of the smallest and simplest of all
insects-the little black Podura, which abounds in sheets of still water.
The minute and hairy body of the Podura is incapable of being wetted,
and the insect frisks about on the silvery surface of a pond, just as a
house fly might do on the surface of quicksilver. This is all very well
so long as the Podura is anxious only to amuse itself, or move from
place to place, but it bas to seek its food in the water, and, indeed, the
attractiveness of a sheet of water to the Podura lies mainly in the
decaying vegetation far below the sur~ace. But, if the insect is thus
incapable of sinking below the surface, how does it ever get access to
its submerged food~ I have endeavored to arrive at the explanation
of this difficulty by observation of Poduras in captivity. If you
place a number of Poduras in a beaker half full of water, they are
whoUy unable to sink. They run about and leap upon the surface, as
if trying to escape from their prison, but sink they can not. I have
chased them about with a small rod until they became excited and
much alarmed, bnt they were wholly unable to descend. Even when
large quantities of alcohol were added to the water the dead bodies of
the Podura are seen floating at the top, almost as dry as before. It is
only when they are placed upon the surface of strong alcohol that the
dead bodies become wetted, and after a considerable time are seen to
sink. How, then, does the Podnra ever descend to the depths where its
food is found~
I found it an easy matter to make a ladder, by which the Poduras
could leave the upper air. A few plants of duck-weed introduced into
the beaker enabled them at pleasure to pull themselves forcibly through
the surface film, and climb down the long root hanging into the water
like a rope. Once below the surface, the Podura, though buoyant, is
enabled, by muscular exertion, to swim downwards to any depth.
Other aquatic insects, 110t quite so minute as the Podura, experience
something of the same difficulty. A Gyrinus, or a small Hydrophilus,
finds it no easy matter to quit the surface of the water, and is glad of
a stem or root to descend by.
To leave our aquatic insects for a moment, we may notice the habit
of creeping on the under side of the surface film, which is so often practiced by leeches, snails, cyclas, etc. I find this is often described as
creeping on the a,ir, and some naturalists of the greatest eminence
speak of fresh-water snails as creeping" on the stratum of air in contact with the surface of the water."* The body of the animal is, nevertheless, wholly immersed during this exercise, as may be shown by a
simple experiment. If Locopodium powder is sprinkled over the water
the light particles are not displaced by the animal as it travels beneath.
* Semper's "Animal Life," Eng. trans., p. 205, and note 97.
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The possibility of creeping in this manner depends, not upon any
''repulsion between the water and the dry surface of the body,'' to quote
an explanation which is often given, but upon the tenacity of the surface film, which serves as- a ldud of ceiling to the water chamber below.
The body of the leech is distinctly of higher specific gravity than the
water, and falls quickly to the bottom, if the animal loses its hold of
the surface film. The pond snails however actually float at the Rurface, and if disturbed, or made to retract their foot, they merely turn
over in the water.
What is the result of all the expedients which have enabled airbreathing insects to overcome ~the difficulties of living in water~ They
have been successful, we might almost say too successful, in gaining
access to a new and am pie store of food. Aquatic plants, minute animals, and dead organic matter of all kinds abound in our fresh waters.
Accordingly the species of aquatic insects have mul~iplied exceedingly,
and the number of individuals in a species is sometimes surprisingly
high. The supply of food thus opened out is not only ample, but in
many cases very easy to appropriate. Aceordingly the head of the
larva degenerates, becomes small and of simple structure, and may be
in extreme cases reduced to a mere shell, not inelosing the brain, and
devoid of eyes, antennre, and jaws. The organs of locomotion also
commonly afford some indications of degeneration. Where the inseet
has to find a mate, and discover suitable sites for egg-laying, the fly at
least must possess some degree of intelligence, keen sense organs, and
means of rapid locomotion. But some few aquatie insects, as well as
some non-aquatic species which have found out an unlimited store of
food, manage to produce offspring from unfertilized eggs, and to have
these eggs laid by wingless pupm or hatched within the bodies of wingless larvm. The development of the w. inged fly, the whole business of
mating, and even the development of the embryo within the egg, have
thus, in particular insects, been abbreviated to the point of suppression. This is what I mean by saying that the pursuit of a new supply
of food has in the case of certain aquatie inseets proved even too successful. Abundant food, needing no exertion to discover or appropriate
it, has led in a few instances to the almost eomplete atrophy of those
higher organs and functions which alone make life interesting.

THE GEOGHAPHIO DISTRIBUTION OF LIFE IN NORTH
AMEHICA.
WITH SPECIAL HEFERENCE TO THE MAMMALIA.""

By
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HAR'l' MERRIAJ\'I,
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Nine years ago the Biological Society listened to an address from its
distinguished retirillg president, Prof. Gill, on ''The Principles of
Zoo-geography," or the science of the geographical distribution of animals. t Prof. Gill assembled the oceans of the globe as well as the land
areas into primary divisions or "zoOlogical realms," of which he recognized nine for the land and five for the sea. It is not my purpose to
discuss the zoOlogical regions of the whole world, but to lay before you
some of the faets concerned in the distribution of terrestrial animals
and plants inNorth America with special reference to the number and
boundaries of the subregions and minor life areas, and to touch upon
the causes that have operated in their production.
No phenomenon in the whole realn1 of nature forced itself earlier
upon the notice of man than certain facts of geographic distribution.
The daily search for food, the first and principal occupation of savage
man, directed his attention to the unequal distribution of animals and
plants. He not only noticed that certain kinds were found in rivers,
ponds, or the sea, and others on land, and that some terrestrial kinds
were never seen except in forests, while others were as exclusively
restricted to open prairies, but he observed further,, when his excursions were extended to more distant localities or from the valleys and
plains to the summits of neighboring mountains, that unfamiliar fruits
and insects and birds and mammals were met with, while those he
formerly knew disappeared.
*Annual Presidential Address, delivered at the twdfth anniversary meeting of tile
Biological Society of Washington, l<'ebrnary 6, 1892. (From tile PToc. Biolog. Soc.,
Washington, vol. vn, pp. 1-64.)
t Proc. Biolog. Soc., Washington; 1884, vol. n, pp.1-39.
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Thus primeval man, and in truth the ancestors of pt'imeval man,
learned by observation the great fact of geographic distribution, the
fact that particular kinds of animals and plants are not uniformly diffused over the earth, but are restricted to more or less circumscribed
areas.
It will be observed that two classes of cases are here referred to,
namely, (1) cases in which in the same general region certain species
are restricted to swamps or lowlands, while others are confined to dense
forests or rocky hHlsides-differences of stcttion, and (2) cases in which,
regardless of local peculiarities, a general change takes place in the
fauna and flora in passing from one region to another, or from low valleys or plains to high mountains-geographic differences. The latter
class only is here considered.
Every intelligent school-boy knows that elephants, lions, giraffes, and
chimpanzees inhabit Africa; that orangs and flying lemurs live in
Borneo; kangaroos in Australia; the apteryx in New Zealand; the
Royal Bengal tiger in India; llamas, chinchillas, and sloths in South
America; the yak in the l1igh table lands of Tbibet, and so on. In
accordance with these facts naturalists long ago began to divide the
surface of the globe into zoological and botauical regions irrespective
of the long-recognized geographic and political divisions.* It was
found that different degrees of relationship exist between the indigenous animals and plants of different countries, and that as a rule the
more remote and isolated the region and the earlier in geologic time its
separation took place, the more distinct were its inhabitants from those
of other regions. Each of the larger islands lying near the equator
and the continental masses of tbe southern hemisphere were found to
possess not only peculiar species and genera, but even families and
orders not found elsewhere; and it was discovered that insular areas
of considerable magnitude that have had no land connection with other
areas since very early times possess faunas and floras remarkable for
the antiquity of their dominant types. In Australia, the most disconnected of all the continents, the entire mammalian fauna, though wonderfully diversified in appearance and habits, belongs to the primitive
orders of monotremes and marsupials, whose best known representatives are the duck-billed platypus and the kangaroo. In the latter
group Australia and neighboring islands contain no less than six families not found in any other part of the world.
Madagascar is the exclusive home of the remarkable aye-aye (Chiromys) and C1·yptoprocta, the latter believed to be intermediate between
the cats and civets.
*Among the many distinguished naturalists who have contributed to the litera~
-ture of the subject may be mentioned Humboldt, Bonpland, Bufl'on, De Candolle,
Schouw, Engler~ Agassiz, Baird, Asa Gray, Grisebach, Iluxley, Gill, Allen, Wallace,
~ud Packarq,
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Tropical America is alone in the possession of true ant-eaters (llfyrmecophagidw), sloths (Bradypodidw), marmosets (Hapnlidw), armadillos
(Dasypodidw), and agouties (Dctsyproctidw).
Africa is the home of many groups not known elsewhere. Among
them are the giraffe, hippopotamus, Orycteropus, elephant. shrews
(lYiacroscelididw), Potomogale, and Chrysochloridw.
Besides this class of cases, in which particular groups are restricted to
particular countries, there is another class, in which the living representatives of single groups exist in isolated colonies in widely separated parts
of the world. Illustrations of this kind are furnished by the tapirs, which
inhabit tropical America and the Malay Peninsula, but do not exist in
intermediate lands; by the family Camelidw, represented in South
America by the llamas and in parts of Eurasia by the true camels;
and by a group of insectivorous mammals in which all the genera but
one are restricted to Madagascar, the one exception (So'lenodon) living
in Cuba and Haiti. Examples of this sort are known as cases of discontinuous distribution, and indicate that the ancestors of the animals
in question formerly inhabited a vast extent of country; that some
sort of land connection, however indirect, existed between the colonies
now so widely separated, and that the surviving descendants of these
groups are probably approaching extinction.
The examples thus far cited relate to the disconnected land areas iu
the neighborhood of the equator or in the southern hemisphere, and
their explanation is to be sought in the history of the past. In the
northern hemisphere animals and plants in general have a much more
extended distribution than in the southern, the majority of the larger
groups being common to North . .1\.merica,
.
Europe, and Asia, and the
limits of their distribution are encountered in traveling in a north and
south direction and are evidently the· result of causes now in operation. It is to this class of cases as presented on the North American
continent that your attention is invited this evening.
In passing from the tropics to the Arctic pole on the eastern side of
America a number of distinct zones are crossed, the most conspicuous
features of which are well known. In the plant world the palms, mangroves, mahogany, mastic, Jamaica dogwood, and cassias of the tropical
coast districts are succeeded by the magnolias, papaws, sweet gums,
blackberries, and persimmons of the Southern States. These give place
gradually to the oaks, chestnuts, and hickories of the Middle States,
and the latter to the groves of aspen, 1naple, and beech which reach
the southern edge of the great coniferous forest of the north,-a forest
of spruces and firs that stretches completely across the continent from
Labrabor to Alaska. Beyond this forest is a treeless expanse whose
distant shores are bathed in the icy waters of the Arctic Ocean.
Concurrently with these changes in vegetation from the south northward occur equally m~rked diff~renc(ps :j_p. t4(p IP.~IIHUals 1 b!rds, reptHes?
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and insects. Among mammals the tapirs, monkeys, armadillos, nasuas,
peccaries, and opossums of Central America and Mexico are replacP-d
to the northward by wood-rats, marmots, chipmunks, foxes, rabbits,
short-tailed field-mice of several genera, shrews, wild-cats, lynxes, shorttailed porcupines, elk, moose, reindeer, sables, fishers, wolverines, lemmings, musk oxen, and polar bears.
The trogons, saw bills, parrots, cotingas, and other birds of tropical
America give place in turn to the cardinals, blue grosbeaks, mocking
birds, tufted tits, and gnat-catchers of the Southern States; the chewink,
indigo bird, tanager, bluebird, and robin of the Middle and Northern
States; the Canada jays, crossbills, white-throated sparrows, and hawk
owls of the northern coniferous forests, and the ptarmigans, snowy owls,
and snowflakes of the Arctic circles.
HISTORICAL SYNOPSIS OF FAUNAL AND FLORAL DIVISONS PROPOSED
FOR NORTH AMERICA.

The recognition of the above-mentioned facts early led to attempts
to divide the surtace of the land into faunal and floral regions or zones,
and no less than fifty-six authors have proposed such divisions for
North America. Of these, thirty-one were zoOlogists and twenty-five
botanists. Of the zoOlogists ten aimed to show the distribution of
animals in general, eight of birds, four of terrestrial mollusks, three of
mammals, one of reptiles and batrachiaus, and four of insects. Of the
botanists, twenty-two aimed to show the distribution of plants in
general and three of forest trees.
Of the writers who attempted to indicate the life areas of the New
World prior to 1850, 68 per cent were botanists, while during the next
twenty years (1850-1870), 65 per cent were zoologists. This striking
oscillation of the biological pendulum, first toward botany and then
toward zoology, may be attributed in part at least to the influence of
two great minds-Humboldt and Agassiz. Humboldt laid the cornerstone of the philosophic study of plant geography in 1805. Stimulated
by his example and writings, botanists led the way and were almost
the only occupants of the field until the middle of the present century,
when the influence of the elder Agassiz gained the ascendancy and
the botanists were replaced by zoOlogists, who have been in the lead
ever since.
The accompanying table shows the various authors referred to, the
dates of the earliest publication of their divh;ions, the branch of biology
on which their conclusions were based, and states whether or uot their
articles were accompanied by maps.
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Date.

AccomStudy based paniecl
onby
maps.
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Author.

:Latreille.........
1817 Insects ..... No ....
De Can d o 11 e
(Aug.)--------1820 Plants ........ do ___
Schouw..........
1822 .... do------- Yes ...
Martins-·--··--- 1824-'26 .... do------- .. do ___
Minding.........
1829 Mammals ... No ....
Pickering------1830 Plants ...... Yes . . .
Lesson·-------- 1831 Birds .... ... No ....
De Can doll e
1835 Plants ........ do .. .
(Alph.) -------1836 . ... do ......... do ...
Meyen .......... .
Pompper ....... .
1841 Animals ...... do . . .
Berghaus ...•....
1833 Plants ...... Yes ...
Martens and Gal1842 .... do . ... ... Nc. ... .
eotti .......... .
1843 .... do ..... .. .. do ___ I
Hinds ............ j
1843 .... do ......... do ...
Frankenheim ... .
1814 Mammals ... Yes...
Wagner ........ .
Richard ancl Galeotti ..... ..... .
1844 Plants ...... No....
Binney (A..) ..••.
1851 Mollusks._. _. do ...
1851 Plants ........ do . . .
Richardson ..... .
Schmarda ....... .
1853 Animals . . . . Yes. . .
Agassiz ........ .
1854 .... do ......... do ...
1856 Plants ...... No .... j11
Gray···-··-----·
1856 Mollusks ... Yes ... ,
Woodward ..... .
Sclater ......... .
1858 Birds ....... No ....
LeConte ....... .
1859 Insects . . . . . Yes. . .
Cooper .......... .
1859 Forests ....... O.o . .. 11
Hooker ....... _..
1861 Plants ........ do ... I
Binney (W. G.) ..
1863 Mollusks ---1--do ...
1

1·

1

11

Date.

VerrilL ........ .
Baird .......... .
Murray ........ .
Grisebach -----Huxley ........ .
Brown ......... .
Allen .......... .
Blyth .......... .
Cope ........... .
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AccomStudy based panied
onby
maps.

1863 Birds . . . . . . . No.
1866 .. _. do ..... _. Do.
1866
1866
1868
1870
1871
1871
1873

Porter ........ . .
Scudder ·.-..... .
Wallace-------Dyer -------·-··
Engler ......... .
Packard ....... .
Jordan ......... .
Sargent ........ .
Drude -- ---- - -- Hartlaub ... ... .
Reichenow ..... .
Heilprin ...... _. 1
Hemsley ....... _ I
Brendel. ........ I
Nelson .......... ,
Schwarz ...... __l
B~ssey ....... ~-R1clgway ...... .
:Merriam ....... .

1887
1887
1888
1888
1889
1890

Keeler ......... .

1891

1

1874
1874
1876
1878
1882
1883
1883
1884
1881
1886
1887
1887
1887

Mammals ...
Plants .. _. _.
Animals . . . .
Forests . . . . .
Animals . . . .
.••. do .......
Repts. ancl
batrehs.
Plants......
Insects . . . . .
Animals . . . .
I'lants......
..• . do .......
Animals . . . .
Mollusks . . .
}forests . . . . .
Plants......
Birds_______
.... do_______

Yes.
Do.
Do.
Do.
No.
Do.
Yes.

Do.
Do.
Do.
No.
Yes.
Do.
Do.
Do.
Do.
Do.
Do.
.
Ammals
... · I[ D o.
Plants . . . . . . Do.
.... do ....... 1 No.
Birds . . . . . . . Do.
Insects . . . . . Do.
Plants . . . . . . Do.
Birds . . . . . . . Do.
Animals and Yes.
plants.
Birds

--··-··1 Do.

The principal bio-geographic divisions that have been recognized by
a large number of writers, and as a rule have been proposed independently and under different names, resulting from the study of differAnt
groups, are described in the following synopses, each of which may be
regarded as a chronologie synonymy of the region to which it refers.
ARCTIC DIVISION (AROVI~ LIMIT Ol!' TREES).

An Arctic circum-polar division north of the limit of tree growth was
recognized as a distinct region by European writers long before the
earliest attempts were made to map the faunal and floral areas of North
.America.* Hence the following table is necessarily incomplete, since
*This region, however, is not universally recognized. vVallace and a few others
refnse to accept it. Agassiz, Allen, and most botanical writers, on the other hand,
regard it as one of the best defined of the primary divisions. An important recent
treatise on the subject, from the standpoint of the distribution of mammals, is the
following: "Die arlctische Snbregion-E·in Beitrag zu.r geographisohen Vc,rbTeitung de1·
Thiere," by Dr. August Brauer (Zoologisohe Jahrbucher, A.bth. juT. Syst., ur, Jan.,
1888, 189-308, taf. viii).

H. Mis. 334, pt. 1-24
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it shows only the extent to which this zone has been recognized by
those who have actually defined faunal and floral areas in North
America:
Date.
1820
1822
1830
1831
1835
1836
1838
1843
1844
1853
1854
1856
1858
1866
1870
1871
1875
1878
1882
1883
1883
1884
1887
1887
1887
1888
1890

.Author.

Study based
on-

Name given to region .

Rank.

De Caudolle . . . . . . Hyperboreal region....... . . . . . . . . . . . . . . . . . . . . . . . . Plants ....... .
Schouw........ ... Realm of Mosses and Saxifrages ...................... do ........ .
Pickering .... .... Arctic region ......................................... do ........ .
Lesson .................. do ............................................ Birus ........ .
De Candolle ............ do ............................................ Plants ....... .
Meyen ............ Polar zone ............................................ do ........ .
Berghaus. . . . . . . . . Realm of Mosses and Saxifrages ...................... do ........ .
Hinds . . . . . . . . . . . . Greenland region ............ . ........................ do ........ .
Wagner .......... Polar province .................................... Mammals .... .
Schmarda ....... . Barren grounds ................................... Animals ..... .
Agassiz .......... Arctic realm .......................................... do ........ .
Wood ward.... . . . . Region of Saxifrages and Mosses. . . . . . . . . . . . . . . . . . Mollusks .... .
Cooper...... ...... Arctic province..... . ............................. Plants ....... .
Grisebach . . . . . . . . Arctic-Alpine region .................................. do ... .. . .. .
Brown. . ... ..... . . Treeless or Eskimo province . . . . . . . . . . . . . . . . . . . . . :Forests ...... .
Allen... . ......... Arctic realm............ . . . . . . . . . . . . . . . . . . . . . . . . . . Anin1als ..... .
Cope ....
do .........................•...................... do ........ .
Dyer ........... : . . Arctic-Alpine flora . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . Plants ....... .
Engler. . . . . . . . . . . . Arctic region ............ .. ................... ... ..... do ........ .
Packard . . . . . . . . . . Arctic realm ......•.................... "......... Animals ..... .
.Jordan ....... 0.... Arctic province ............................... .... Mollusks .... .
Drucle . . . . . . . . . . . . Arctic district . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Plants ...... . .
Brendel.. ......... Arctic-Alpine division .......................
do ........ .
Reichenow ........ Arctic zone ....................................... Birds ........ .
Nelson....... .... . Arctic district (Alaskan) ............................ do ........ .
Braner..... .... ... Arctic sub-region ............................
Mammals .... .
Merriam . . 0....... .Arctic region .. 0.................................. Animals and
plants.
0

••••

0

••••••••••

0

••••••••

0

0.

•

•

•

BOREAL DIVISION.

This heading is intended to cover the zone of conifer0ns forests
extending across the continent south of the Arctic realm. While its
northern boundary is fixed at the limit of trees, its southern border
has been variously placed by different writers. Schouw did not recognize it at all, but carried his great forest region down to latitude 36°,
where the true southern district begins. Berghaus, who in other
respects followed Schouw, divide.d this great region into two parts, the
northernmost of which he named the ''Realm of conifers," placing its
southern limit in the east at about latitude 4 7° . Hinds, Agassiz,
Woodward, Verrill, and Drude speak of it as the "Canadian" region.
Its southern limit is here extended to include the " Canadian fauna"
of recent zoOlogical writers.
The extent to which this zone has been recognized will appear from
the following table:
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Date.

Author.

Pickering .........
Berghaus .........
1843 Hinds ............
1853 Schmarda.........
1854 Agassiz ...........
1856 Woodward ........
1856 Gray..............
1859 Le Conte..........
1859 Cooper......... .. .
1863 Verrill ............
1863 Binney ...........
1870 Brown. . .. . . . .. . ..
1871 Allen . . . . . . . . . . . . .
1882 Engler......... .. .
1883 Packard .. .. .. . . . .
1884 Sargent.... .. .. . ..
1884 Drude . . .. . .. .. .. .
1890 Merriam. .. .. .. .. .
1830
1838

Name given to region.

Study based
on-
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Rank.

Canadian flora .... __ ... __ ......................... Plants ....... _
Realm of conifers ......................... _......... _.do _.... _.. _
Canadian region ............. .................... __ ... do ....... ..
Region of coniferous forests ... _............... _.. Animals .... __
Canadian fauna ....................................... uo --------·
Canadian province ................. _.............. Mollusks .. ___
Middle and northern wooded district . . . . . . . . . . . . . Plants_ .... _..
Northern province ...................... _.... _.... Insects _.... ..
Lacustrian province . . .. .. .. . .. .. .. .. .. . .. . .. .. .. . Forests ...... .
Canadian fauna ................................... Birds ........ .
Northern region_ .... _......... _................ _. Mollusks._...
Lacustrian province .. _... .. .. .. . .. .. . .. .. .. .. .. .. Forests . .. .. ..
Hudsonian and Canadian faunas .... _............. Animals __ . __ _
Region of conifers ........ __ ... _.... _.......... ___ Plant.s ..... _..
Boreal province.. .. .. .. .. .. .. . . .. .. . . . .. .. . .. .. .. . Animals .... ..
Northern forest ....................... _........... Forests ..... ..
Canadian cli~trict ............................. _. .. P !ants _...... .
Boreal region . .. .. .. .. . .. . .. . . . .. .. .. .. .. .. .. .. .. . Animals and
plants.

2
2
1
( 7)

2
1

ATLANTIC! CENTRAL, AND PACIFIC DIVISIONS OF TEMPERATE NORTH AMERICA.

It has been the custom of recent writers to divide the broad middle
zone of North America (most of which lies within the United States)
into three main divisions-Atlantic or Eastern, stretching from the
Atlantic Ocean to the eastern border of the plains; Central, from the
plains to the Sierra Nevada; and Pacific, from the Sierra to the Pacific
Ocean.* These regions were proposed as early as 1854 by the elder
Agassiz, who however divided the Eastern or Atlantic district into two
regions of equal rank-A.lleghauian and Louisianian, or faunas of the
Middle and the Southern States. In this respect he has been followed
by Cope. Other authOJ;s, including Le Conte, Baird, and Allen, regard
the southern district as only a subdivision of the Eastern region.
Agassiz named the Central region the ''Table-land or Rocky Mountain
fauna" and the Pacific the ''Californian fauna."
This arrangement of the United States into three provinces has been
followed in the main by Le Conte (1859), W. G. Binney (1863), Baird
(1866), Cope (1873), Grisebach (1875), Wallace (1876), Allen (1878),
Packard (1883), Jordan (1883), Hartlaub & Newton (1886), and Heilprin (1887).
The three divisions will he considered separately.
Atlctntic or eastern forest region.-Many writers have recognized an
eastern forest region stretching from the plains to the Atlantic and in
a general way from the boreal or coniferous forests of the north to the
*These divisions must not be confounded with those of Amos Binney (published
in 1851) bearing the same names, for Binney's Atlantic region la,y between the
Atlantic ancl the Alleghanies, his Central region between the Allegbanies ancl the
Rocky Mountains, and the Pacific region between the Rocky Mountains and the
Pacific. Woodward's divisions (1856) are essentially those of Amos Binney.
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alluvial lauds of the South Atlantic and Gulf States; but its northern
and southern limits have been by no means agreed upon. Sehouw
defined these boundaries as tlte limit of trees on the north and latitude
360 on the south, and named the region Michaux's realm or realm of
asters and solidag-os. Berghaus retained Schouw's southern boundary, but took off a broad belt on the north, which he named. the realm
of coniferous forests. The resulting northern limit, as shown on his
map (1838), agrees closely with that adopted by such recent writers as
Wallace (1876), Allen (1878), Packard (1883), and Heilprin (1887), all
of whom, on the other hand, carry its southern boundary south to the
Gulf of Mexico, thns making it coextensive with the Atlantic or Eastern province already referred to.
Several early writers, among whom Schouw ~md Berghaus were
prominent, recognized this region in the east, but knew nothing of the
great interior plans, and consequently spoke of it as extending all the
way to the Rocky Mountains.
The extent to which this Eastern forest region has been reeognized,
together with the approximate north and south boundaries assigned it,
will appear from the following table:
NOTE.-In the columns showing lirnit on the north and south tlle following abbreviations are used: L. T.=northcrn limit of trees; C. F.=northern coniferous forests;
A.=Austro-riparian or Louisiana region; G.=Gulf of Mexico.

L.T.
C. F.
C. F.
C. F.
C. F.
C. F.
(?)

(?)

C. F.
C. F.
C. F.
C. F.
L.T.
C. F.
C. F.

(?)
1874
1876
1882
1883
1883
1884
1884
1886
1887
1887
188J

t

Porter............ Forest ......................... .. C. F.
Wallace . . . . . . . . . . Alleghanian .................... . C. F.
Eugler ...... - -. - . - Appalachian province .......... . C. F.
Packard .......... Eastern ...... ...... ...... _..... .. C. F.
.Jordan .......... -- Atlantic region ................ .. C. F.
Sargent ........... Deciduous forests ............... . C. F.
Drude . . . . . . . . . . . . Virginian ...................... . C. F.
Hartlaub .. .. .. . .. Alleghanian ...... ..... ......... . C. F.
Heilprin .......... •.... do ........................... . C. F.
BrendeL..... .. . .. Mixed forest ................... .. C. F.
Ridgway _. . . . . . . . Eastern provinc:e ............... ·1 (?)

A.

G.
A.

G.

A.
A.
A.
G.
G.

A.
A.
G.
G.
G.
G.

A.
G.
G.
G.
G.
G.

A.
G.
G.
G.
G.
G.

2

2
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Central or middle div,i sion.-This division extends from the eastern
border of the great plains to the Sierra Nevada and Cascade Mountains. It was proposed by Agassiz in 1854, under the name "Tableland fauna or fauna of the Rocky Mountains."
The extent to which it has been recognized will appear from. the following table:
Date.

Author.

Name given to region.

1854
1859

Agassiz ..... _.. ___
Le Conte __ .. __ .. _
Binney (vV. G.) . ..
Baird ............ -I
Grise bach _...... _
Cope.......... . . . .

Table-land fanna..................................
Central district ___ .............. _____ ... _.........
Central province .. _..... __ .. _............... __ ....
Middle province .............................. -...
Prairie region ............... _....................
Central region ............ _. ............ ..... .....

1863
1866
1866
187:3
1876
1878
1881
1883
1883
1884
1886
1887
18~7

1889

Dased on-

1

Rank.

Animals .... ..
Insects ... _.. _
Mollusks .. _.. ,
Birds ........ -I
:Plants _..... ..
Reptiles aml
batrachians.
Wallace .......... Rocky Mountain sub-region ...................... Animals .... ..
Allen ..... _... .. .. Middle province ....... _.... .... ... ___ .... _........... do ........ .
Gray.............. Central province........................... .. .. . .. Plants ....... .
Packarcl ................ do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Animals ..... .
\ .Jordan.. .. .. .. .. .. Central region .................................... I Mollusks ... ..
Drude ............ Montanadistrict .................................. Plants ...... ..
Hartlaub .. . . .. .. . Rocky Mountain region .. .. .. .. .. .. . • .. . .. .. .. . .. Birds ....... ..
Heilprin ...... __ .. Rocky Mountain sub-region .... _.. ___ .. _......... Animals ..... .
Brendel........... Prairie flora ........ _........ . ..... .. .. .. .. . .. .. .. Plants ....... _
Ridgway_ . . . . . . . . . Rocky Mountain or middle district ..... __ . __ . _. . . Birus ... _.... .
1

Pacific or California d'i vision.-This name has been very generally
applied to the Pacific coast region of the United States. It was first
recognized by the botanist De Candolle in 1820. Pickering, in 1830,
named it the Californian flora, but knowing little or nothing of the
Sierra Nevada, and believing the Rocky Mountains to be the only mountain system of importance in North America, extended its eastern
boundary to that range. In this way he was followed by the botanist
Hinds, in 1843; by the conchologists, Amos Binney, in 1851, and Woodward, in 1856. Agassiz, in 1854, was :first to :fix its eastern limit at the
Sierra Nevada and Cascade mountains, where it has been permitted to
rest. Its north and south boundaries have undergone considerable
fluctuations.
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The extent to which the Pacific or Californian region has been recognized will appear from the following table:*
Date.

Author.

Name given to region.

Based on--

Rank.

--------------- 1---- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1873

De Candolle ......
Pickering ........
Hinlls ............
Frankenheim .....
Binney (A.) ......
Agassiz---------·
Woodward .......
LeConte .........
Cooper ............
Binney (W. G.) ...
.Baird ... ..........
Grise bach ........
Uope ..............

1874
1876

Porter .................. tlo ···········-·-·--·······-······-··--·------ Plants---·····
Wallace ....... __ . Californian sub-region ...... _.. __ ....... _... __ .... Animals .. _.. .

1878

Allen ............. Western province---··-----··-·--··-·-----·-···-- .... do --------Packard ................ do----··-··--··-· · ···············------------ .... do---······
Jordan·-·······-- Pacific region ..................................... Mollusks .... .
Drude _........... Californian district ........ __ ...... _.. ___ ._ .. __ .__ Plants .... _.. _
Hartlaub . . . . . . . . . Californian region ____ .. _..... ___ . _.. _........... _ Birds ...... _..
Heil]Jrin ........ _. Californian sub-region .. _... .... -..... _..... _..... Animals __ ... .
Brendel........... Californian Bora- ..... -..................... -.... - Plants .... - .. Ridgway _.... _... Pacific district .. . _._ .... _......... _. _..... __ . ___ .. Birds _....... .

1R20
1830
1843
1848
1851
1854
1856
1859
1859
1863
1866
1866

1883
1883
1884
1886
1887
1887
1889

West coast of temperate North America.......... Plants ....... .
Californian flora ................ _........• _........ _.. do . ...... . .
Californian region ................... _.... _........ _.. do ........ .
California ................................. _... _...... do .... _. _..
Pacific region..................................... Mollusks . ....
Californian fauna ....................... _._ ...... _ Animals ---- __
Californian province._ .. _....... _... _........... _. Mollusks _... .
Western district .. __ .. _...... __ ................... Insects ..... _.
Nevadian provincet ...... _.. __ ......... __ .... _. _.. Forests ...... _
Pacific province ........... _......... ___ ... _...... Mollusks . _.. .
Western province ...... _.................... _. ___ Birds ........ _
Californian region . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Plants ...... __
Pacific region .. _................ _................. Reptiles and
batrachians.

*Engler's "California Coast Province" is not included in this table, because it consists only of the
narrow strip of land between the Coast Range aml the Pacific.
t Named from the Sierra .Nevada-not tho State of Nevada.
AU:STRO-RIPARIAN OR LOUISIANIAN DIVISION.

(South Atlantic and Gulf States.)

Latreille, as early as 1817, called attention to the difference in the
insect fauna in Carolina and Georgia from that of Pennsylvania and
New York, and in his division of the earth into circum-polar zones ran
the boundary line between these fauna at latitude 36°. The difference
in the :flora of the South Atlantic and Gulf States from that of the
Northern States was recognized by the Danish botanist Schouw as
early as 1822 in the "Realm of Magnolias or Pursh's Realm," which he
then proposed for the region between the parallels of 30° and 36° north
latitude. Thirty-four years later (in 185G) Lhe northern boundary of
the same area was run by America~s greatest botanist, Dr. Asa Gray,
along the parallel of 36° 30', only half a degree from Schouw's line.
The first zoologist to recognize this region was the elder Binney, who
died in 1847. His posthumous work on "Terrestrial Air-Breathing
Mollusks," published in 1851, describes it under the name "Tertiary
Region of the Atlantic Ooast and the Gulf of Mexico." The elder
.Agassiz recognized it in 1854 as one of his seven primary regions, nam-
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ing it the Louisianian fauna. Later writers, except Uope, have considered it a sub-division of the Eastern forest region. Cope restored it to
primary rank in 1873 and named it the Austro-l'iparian region.
The extent to which this region has been recognized will appear from
the following table:
Author.

Date.
-

Name given to region.

Based on-

L atreille ... --- .... Super-tropical climate.--.-- .. ----- .......... ------ Insects.---- ..
Schouw ........... Realm of magnolias ............................... Plants ....... .
Meyen ............ Sub-tropical zone--------------------------------- .... do--------Martins .......... Mississippi-Floridian realm ........... _........... _._.do _....... .
Berghaus... ...... Realm of magnolias ... __ . __ ..... ___ : ........ _.. _____ .. do _........
Binney (A.) . . . . . . Tertiary region of Atlantic and Gulf coasts...... Mollusks . . . . .
Schmarda ......... Middle American realm ....... ____ .. ___ ........... Animals......
Agassiz ___________ Louisianian fauna-------------------------------- .... do--------·
Gray . .......... -. Southern States ........ _____ . _.. _.... _............ Plants ... . ... _
Lc Conte ........ __ Southern province._. __ ..... ____ . ___ . __ _... __ .. ___ Insects __ .. ___
Cooper_ ......... -. Carolinian and Mississippian . _..... _....... _. __ .. Forests __ ... _.
Binney (W. G.)... Southern region _____ . __ . _. ______ . _. _______ .... _.. Mollusks ___ . _
Baird............. Southern sub-division............................. Birds ........ .
Verrill............ Louisianian fauna ................. _................... do ........ .
Allen ................... do .... _.. _...... __ .. _....... __ ....... ..... _....... do _- ...... .
Cope .............. Austro-riparian region. __ .... __ ................. _. Reptiles and
batrachians.
Porter ............ Southern district-·-·------------·--···-··-··-··-· Plants ....... .
Jordan ... -- ... -- .. _._ ... do .. _._._ ..... __ . ____ ._._ .. ____ .... _.. _... __ .. Mollusks . .. . .
Sargent........... Coast pine region .... _.... .... ____ ... _....... --... Forests ... -- ..
Merriam .......... Austro-riparian region ... _.... ___ ._ ....... , ....... Animals and
plants.

1817
1822
1836
1837
1838

1851
1853
1854
1856
1859
1859
1863
1866
1866
1871
1873

1874
1883
1884
_1890
1

Rank.

- · - - - - - 1- - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - --

1
1
2
1
3
1
2
2
2

3

2

2
4
2
2

1

1

SONOl~AN

DIVISION.

The term " Sonoran region'' has been applied by Cope and others to
an important life area which enters t,he southwestern part of the United
States from the table-land of Mexico. It was first recognized by a
botanist, Richard Brinsley Hinds, H. N., surgeon to H. M. S. Sulphur,
who published a description of it in 1843 under the name "The Chihuahua Region." He defined it as extending south to the tropic, west
to the Gulf of California and the Colorado River, north to the prairie
region of the U niteu States, and separated on the east from the Gulf
of Mexico by a northward extension of the Central American region
along the lowlands bordering the coast. Prof. Baird (in 1866) stated
that along the valleys of the Rio Grande and Gila the fauna of the
Central province "is greatly mixed up with the peculiar fauna of northern Mexico, which, as far as its summer birds indicate, is almost entitled
to be considered as a fourth main province."
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The extent to which th;s region has been recognized will appear from
the following table:
Date.

Author.

1843 Hinds ............
1859 LeConte ······-- 1859 Cooper ----------1861 ... . do ------------1866 Baird .............
1870 Brown ............
1873 Cope ..............
1874
1878
1882
1884
1884
1887
1890

Porter ............
Dyer ------------Engler ............
Sargent ...........
Drude ............
Heilprin ..........
Merriam ..........

Name given to region.

Based on-

Chibuahuan ...................................... Plants ....... .
Southwestern and south-southwestern provinces. Insects ...... .
Arizonian region . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Forests ...... .
Arizonian and Chihuabuan regions .................. do ........ .
No name given . . .. . .. . .. . .. . .. .. .. .. . .. .. .. .. .. .. Birds ........ .
New Mexican region.. . . . .. .. .. .. .. .. .. .. .. . .. .. .. Forests ...... .
Sonoran . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Reptiles ancl
batrachians.
Cactus region ..................................... Plants ....... .
Mexico-Californian tiora .............................. do ........ .
Aztec province ....................................... do ........ .
Mexican forest region . . . . . . . . . . . . . . . . . . . . . . . . . . . . Forests .....•.
North Mexico and Texas district . . . . . . . . . . . . . . . . . Plants ....... .
Sonoran transition region .. .. .. .. .. . .. .. .. .. .. .. . Animals .. . .. .
Sonoran province................................. Animals and
plants.

Rank.

{1)

PENINSULA OF LOWER CALIFORNIA.

That the fauna and flora of the peninsula of Lower California, or any
part of it, differs radically from that of the State of California immediately on the north was pointed out almost simultaneously by Baird
and Le Conte in 1859. Baird stated that the fauna of its southern
extremity, as determined by collections of its mammals, birds, and
reptiles, "is almost identical with that of the Gila River, and to a certain extent with that of the Rio Grande," but differs wholly from that
of Upper California. In accordance with these facts he afterwards (in
1866) made Lower California a sub-division of the central province.
Later in the same year (1859) LeConte stated that a few species of
insects from Cape St. Lucas, "though all new, indicate a greater resemblance to the fauna of the Lower Colorado than to that of maritime
California) this province may therefore be found eventually to belong
to the interior district."
Cooper (in 1861) proposed the name Uchitan for the forest flora of
Lower California, and regarded it as a sub-division of his N eva<lian
(=Californian) province. Grisebach also, in mapping the plant regions
of the world in 1866, included the peninsula in his Californian region,
but afterwards (in 1872) transferred it to the interior or prairie region.
Cope, in 1873, raised Lower California to primary rank, basing his
action on a study of its reptiles and batrachians. Wallace, in 1876,
placed it in the central province without sub-division. Packard, in
1883, followed Baird and Grisebach in regarding the southern part of
the peninsula as a sub-division of the central province, while the northern part was assigned to the Pacific province. Drude, in 1884, divided
it transversely in two nearly equal plant areas, placing the northern
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half in his " North Mexico and Texas district," and the southern half
in his tropical "Mexican District." Hartlaub and Newton, in 1886,
placed the entire peninsula in their Mexican region, and Heilprin, in
1887, in his Sonoran transition region.
The way in which Lower California has been regarded by different
writers is shown in the following table:*
Date.

Author.

1837

Marti us
Berghaus .........
Hinds -------·---Berghaus .........
Agassiz ..........
Woodward .......
Baird .............
LeConte .........
Cooper ...........

1838
1843
1845
1854
1856
1859
1859
1861
1866
1870
1872
1873
1876
1882
1883
1884
1886
1887
1890

How regarded.

Study based
on-

As part of b is Mexican extra- tropical realm. . . . . . l:'lan ts . . . . . . . .
As part of his Mexican realm (''Jacquin's realm'') .... do ........ .
As part of his Californian region ..................... do ........ .
As part of his tropical province . . . . . . . . . . . . . . . . . . Mammals .... .
As part of his Californian fauna.................. Animals ..... .
As part of his Californian province............... Mollusks .... .
As a sub-division of his middle province......... Birds ........ .
As part of his central district . . . . . . . . . . . . . . . . . . . . Insects ...... .
As a sub-division of his Nevadian [=Californian] Forests ...... .
province.
Grisebach ........ .As part of his Californian region................. Plants ....... .
Brown ............ As part of his Colorado desert district . . . . . . . . . . . Forests ...... .
Grisebach ........ As part of his prairie region...................... Plants ....... .
Cope .............. As an independent region........................ Reptiles and
batrachians.
Wallace . . . . . . . . . . As part of his California sub-region.............. Animals ..... .
Engler............ As part of his Aztec province.................... Plants ....... .
Packard.......... As part of his central province . . . . . . . . . . . . . . . . . . Animals ..... .
Drude . . . . . . . . . . . . As part of his Mexican district . . . . . . . . . . . . . . . . . . Plants ....... .
Hartlaub ............... do .................. ........... .............. Birds ........ .
Heilprin.......... As part of his Sonoran transition region . . . . . . . . . Animals ..... .
Merriam.......... As a division of his Sonoran province............ Animals and
plants.
e•••••e•••

Rank.
0

*In the few cases in which the peninsula has been divided, the assignment here given relates to the
southern extremity.
SOUTHERN FLORIDA.

The large number of tropical forms of life inhabiting southern Florida
early led to its separation from the rest of the Atlantic region by writers
on the distribution of animals and plants. Lesson (in 1831) placed it
along with Mexico in his south temperate zone. Hinds (in 1843),
recognizing its Antillean affinities, placed the southern extremity of
the peninsula (south of latitude 27°) in his West India region.
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The extent to which southern Florida has been recognized as faunally and florally distinct from the rest of the United States is shown b.
the following table:
Author.

Date.
1831
1843
1851
1858
1859
1866
1866
1870
1871
1873
1874
1883
1883
1884
1887
1887
1887
1888
1890

l

Name given to region.

Based on-

Lesson. ___ ... _... _
Hinds _.. __ .......
Binney (A.) ......
Cooper. __ .... __ ...
LeConte ........ __
Baird ............ _
VerrilL . . . . . . . . . . .
Brown ............
Allen.............
Cope .
..

[Florilla division of south temperate zone] . . . . . . . Birds ...... --.
[Florida division of West India region]........... Plants ....... .
Peninsula of Florida ............ -- .... -- ........ -- Mollusks .. --.
Floridian region .... -- ....... -- ... --........... .. . Forests --- ... .
Sub-tropical province .... -- .. -- .... -- .. -- ....... -- Insects . -- ... .
[Florida division of Atlantic region].-- .... --..... Birds ... -- ... .
[Florida eli vision of West Indian region] .............. do ........ .
Florida sub-region ...... --------- ......... -------- Forests .... --.
Floridian fauna................................... Birds ........ .
Floridian district................................. Reptiles and
batrachians.l

Porter ......... _..
Packard . . . . . . . . . .
Jordan............
Sargent...........
Drude . . . . . . . . . . . .
Reichenow........
Brendel ...........
Schwarz..........
Merriam..........

Florida region .. .. .. .. .. .. .. .. . . .. .. .. .. . .. .. .. .. .
[Florida division of Antillean region] . . . . . . . . . . . .
[Florida division of neo-tropical province]........
Semi-tropical forest of .Florida ....................
[Florida division of Antillean region.............
[Florida division of South American region]......
South Florida [Antillean] ........................
[Florida division of Antillean region] . . . . . . . . . . . .
[Florida division of Antillean sub-region] ........

.. - .. .. .. .

Rank.

Plants ...... ..
Animals ..... .
Mollusks .... .
Forests ...... .
Plants ....... .
Birds ........ .
Plants ...... ..
Insects ...... .
Animals and
plants.

A.l.YflLLEAN DIVISION.

The fauna and flora of the West Indies have been variously interpreted by different writers, some placing the region in South America,
others in Mexico, and others still raising it to independent rank.
In 1822, Schouw, in mapping the plant areas of the world,placed it
in his ''Jacquin's realm or realm of cactuses and peppers." Subsequently, however (in 1833), be gave it independent primary rank,
naming it "Swartz's realm." Martins, in 1837, was first to bestow the
name "Antillean realm" upon this region, which he regarded as a
division of primary rank, comprising the West Indies and adjacent
coasts of South and Central America. The same arrangement was
retained in his lecture on floral realms in 1865.
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The way in which the West Indies have been regarded by different
writers is shown in the following table:
Date.
1820
1822
1830
1831
1833
1835
1837
1838
1841
1843
1845
1846
1854
18513
1858
1866
1866
1868
18i0
18i5
1876
1882
1883
1883
1884
1886
1887
1887
1890

Author.

How regarded.

Based on-

De Candolle . . . . . . As an independent, region. . . . . . . . . . . . . . . . . . . . . . . . . Plants ..... - ..
Schouw........... As part of his realm of cactuses and peppers .... do ........ .
(Mexican).
Pickering ........ _ As part of his American inter-tropical region ........ do ........ .
Lesson...... . . . . . . .A A part of his equatorial zone . . . . . . . . . . . . . . . . . . . . Birds ........ .
Schouw........... As an independent realm (Swartz's realm)........ Plants ....... .
De Candolle . . . . . . As an independent region ............................ do ........ .
Marti us . .. . . . . . . As an independent realm (Antillean realm) ........... do ........ .
Berg hans......... As an independent realm (Swartz's realm) ............ do ........ .
Pomp per.. . . . . . . . . As part of his north warm zone . . . . . . . . . . . . . . . . . . Animals ..... .
Rinds . . . . . . . . . . . . As an independent realm (West Indian region) . . . Plants ....... .
Berghaus... . . . . . . As part of his tropical province . . . . . . . . . . . . . . . . . . Mammals .... .
Wagner . . . . . . . . . . As part of his tropical American province ............ do . . . . . . . . .
Agassiz . . . . . . . . . . As a sub-division of his Central America,n region. Ammals ..... .
·woodward . . . . . . . As an independent province (Antillean province). Mollusks .... .
Sclater . . . . . . . . . . . As a part of his neo- tropical region . . . . . . . . . . . . . . . Birds ........ .
Baird ............. As a primary region (West Indian region) ............ do ........ .
Grisebach .............. do ........................................... Plants ....... .
Huxley........... As a part of his Austro-Columbian region........ Animals . . ... .
Brown ............ As an independent province <4-ntillean !lrovince). Forests.: .... .
Sclater . . . . . . . . . . . As anindepen<lentsub-rcgion(Antilleansub-region) Birds ........ .
Wallace ................ do ........................................... Animals ..... .
Engler . . . . . . . . . . . As au independent province . . . . . . . . . . . . . . . . . . . . . . Plants_ ...... .
Packard.......... As an independent region (.Antillean region) . . . . . Animals ..... .
Jordan ............ As part of his nco-tropical province .............. Mollusks .... .
Drude . . . . . . . . . . . . As an independent region (Antillean district) . . . . Plants ....... .
Hartlaub . . . . . . . . . As an independent region (Antillean region) .... _ Birds __...... .
Heilprin.......... As a sub-division of his neo-tropical region . . . . . . Animals. ___ ..
Reich!lnow . . . . . . . As part of his South American region... . . . . . . . . . Birds ....... __
Merriam.......... As a division of his tropical province............. Animals and
plants.

Rank.

0

2

NORTHWES'r COAST DIVISION.

In 1843, Hinds, in maping the plant regions of the world, proposed
a" northwest American region" for the area west of the Rocky Mountains, north of the Columbia River, and south of latitude 68° nortb.
Agassiz, in his paper on the zoological regions of the earth (1854 ), gave
the name "Northwest Coast Fauna" to es8entially the same area
(shown on his map as extending along the Pacific from northern California to the base of the Unalaskan Peninsula).
In 1859, Le Conte, who based his studies on Coleoptera, spoke of this
region as the " Hyperborean province" of the Pacific district; and the
same year Cooper, writing of the forest regions, described it as the
"Caurine province." W. G. Binney, in 1873, mentioned it as the
" Oregonian division" of the Pacific province; Engler, iu 1882, as the
"Kaloschen zone;" Drnde, in 1884, as the "Columbian district;"
Nelson, in 1887, as the " Sitkan district;" Brendel, in 1887, as the
"North Pacific province."
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PRAIRIE DIVISION.

A few botanists, influenced by the widely different aspects of nature
resulting from the presence or absence of forests, have recognized a
" Prairie region," as one of the great floral divisions of North America.
It. was first proposed by Pickering, in 1830. Pickering named it the
"Louisianian flora," and gave its boundaries as the Mississippi on the
east and the Rocky Mountains on the west. Hinds described it, in
1843, as " a peculiar tract inclosed by the vast forests of North
America." He named it the " Prairie region," and said it extended
"from within a hundred miles of the west bank of tlle Mississippi to
the Rocky Mountains, stretching north to 54° north latitude, and again
only bounded on the south by the wooded country of the Texas and the
Mexican Sea."
Cooper, in his paper on the distribution of forests (in 1859), named
it the Campestrian province. It was recognized by Brown in 1870, by
Porter in 1874, and by Engler in 1882.
RECAPITULATION.

It is seen that a number of zoOlogists and botanists, basing their
studies on widely different groups, and as a rule ignorant of the writings
of their predecessors, have agreed in the main in the recognition of at
least seven lite areas in extra-tropical North America, namely: (1) An
Arctic area north of the limit of tree growth; (2) a boreal trans-continental coniferous forest region; (3) an Atlantic or Eastern wooded
region stretching westward from the Atlantic to the Great Plains; (4)
a central or middle region, reaching from the plains to the Sierra
Nevada and Cascade Mountains; (5) a Pacific or California division,
covering the area between the east base of the Sierra and the Pacific
Ocean; (6) a Louisianian or Austro-riparian division, comprising the
South Atlantic and Gulf States south of latitude 36°; (7) a Sonoran
division, occupying the high table-land of Mexico and stretching northward over the dry interior far enough to include the southern parts of
California, Nevada, Arizona, New Mexico, and Texas.
With or without reference to the above principal divisions, it has
been recently the custom of zoologists, particularly ornithologists, to
sub-divide the eastern United States and Canada into several minor
areas or "faunas," as follows: (a) Floridian; (b).Louisianian; (c) Carolinian; (d) .._t\.lleghanian; (e) Canadian; (/) Hudsonian; and (g) Arctic.
Of _these the Canadian and Hudsonian form a part of the "Boreal"
region above mentioned, and the Floridian and Louisianian together
make up the" Austro-riparian" division, leaving only the Carolinian and
Alleghanian for the so-called "Eastern province" to rest on. The true
relations of these zones will be explained later.
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LIFE REGIONS AND ZONES 0]1' NORTH AMERICA

In a communication I had the honor to lay before this society two
years ago (December 4, 1889), * I stated that the Hudsonian and Canadian zones of the East belong to the Boreal region, and extend completely across the continent, and that the desert areas of the West
belong to the Southern or Sonoran region. The pine plateau (Pinus
ponderosa) of Arizona and othe.r parts of the vVest was "shown to
consist of a mixture of Boreal and Sonoran types. - - - In other
words, it is neutral territory" (North America.n Fauna, No. 3, September, 1890, p. 20). I remarked further that the Carolinian fauna
"is sufl'used with southern forms, and the Alleghanian seems to be
neutral ground" (Ibid., p.18), thus implying that the" neutral" or pineplateau zone of Arizona is the western equivalent of the "Alleghanian
Fauna" of the East.
In a subsequent publication (North American Fau.na, No.5, August,
1891) I went a step further, defining the treeless parts of the "Neutral
or Transition zone," and characterizing an "Upper Sonoran zone," as
distinguished from the Lower or True Sonoran; but nothing was said
as to the relations of these zones with those long recognized in the East.
The time has now arrived, however, when it is possible to correlate
the Sonoran zones of theWest with corresponding zones in the East,
as was done two years ago in the case of the Boreal zones, and as was
intimated in the case of theN eutral or Transition zone. It can now
be asserted with some confidence not only that the Transition zone of
the West is the equivalent of the Alleghanian of the East, but also
that the Upper Souoran is the equivalent of the Carolinian, and the
Lower Sonoran of the Austro-riparian, and that each can be traced
completely across the continent. Thus, all the major and minor zones
that have been established in the East are found to be uninterruptedly
continuous with corresponding zones in the West, though their courses
are often tortuous, following the lines of equal temperature during the
season of reproduction, which lines conform in a general way to the
contours of altitude, rising with increased base-level and falling with
increased latitude.
The Boreal region extends obliquely across the entire continent
from New England and Newfoundland to Alaska and British Columbia,
and from about latitude 45° north to the Polar Sea, conforming in general direction to the trend of the northern shores of the continent. It
recedes to about latitude 54° on the plains of the Saskatchewan, and
gives off three long arms or chains of islands, which reach far south
along the three great mountain systems of the United States-an
eastern arm in the Alleghanies, a central arm in the Rocky Mountains,
*Since published in my report on the "Results of a Biological Survey of the San
Francisco Mountain region in Arizona/' N. Am. Fauna, No, 3, September 11, 1890,
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and a western arm in the Cascades and Sierra Nevada. The latter at
its northern base occupies the entire breadth of the Pacific Coast
region from the eastern slope of the mountains to the sea, but in P.._assing southward bifurcates, the main fork following the lofty Cascade
and Sierra ranges to about latitude 36°; the other following the coast,
gradually losing its distinctive characters and becoming invaded with
Sonoran forms until it disappears a little north of San Francisco.
The following genera of mammals belong exclusively to the Boreal
region, none of them ranging south beyond the Transition zoue:
Cervus.
Rangifer.
Alee.
Mazama.
Ovibos.

Arctomys.
Aplodontia.
Evotomys.
Phenacomys.
My odes.

Cuniculus.
Zapns.
Erethizon.
Lagomys.
Thalarctos.

Latax.
Gulo.
Mus tela.
Neurotrichus( Y).
Condylura.

In addition to the above, the following genera are clearly of Boreal
origin, although reaching and in some cases penetrating parts of the
Sonoran region :
Ovis.
Bison.*
Tamais.

Castor.
Arvicola.
Fiber.

Vulpes.
Ursus.
Lutreola.

Putorius.
Sorex:.

Besides the genera here enumerated, the following sub-genera belong
to the Boreal region: Tamiasci~tn(;s (containing the red or spruce
squirrels), Mynornes and Chilotus (field-mice or voles, of which J.lfynomes
reaches south a little beyond the Transition zone), Teonornc~ (the bushytailed wood-rats), and Neosorex and Atophyrax (subgenera of shrews).
The Boreal region is made up of two principal clivisious, both circumpolar: (1) .An .Arctic division, above the limit of tree growth; and (2)
a Boreal Coniferous Forest division.
ARCTIC MAMMALS.

(Found above the limit of trees and all circum-polar.)

A. Exclusi1:ely Arctic.
Eskimo ................ - ..... - .. - - _.......... HonLo.
Polar bear.-- .... - .. --- ... -.. --- -.-- .......... Thala1·ctos ma1·itimus.
Barren ground bear -.---- - ..... -- .. -- -.- ..... U1·sus richardsoui.
Muskox ______ ---------------------------- .... Ovibos moschatus.
Barren ground caribou .... - ..... - _- .. - ...... . Rangijer g1·mnlandicus.
Arctic fox .. __ . _ - ...... _.... -........ __ ....... V11lpes 7agopus.
Arctic hare.---------------------------- ...... Lepus glacialis.
Lemming ....................... _.......... _. Myocles obensis.
Lemming .. _............ -- ... -- ....... - -.. - .. Cuniculus torquatns.
Arctic red-backed mouse._ ... _____ .. __ .... _.. _Evolomys rntUus.
Parry's spermophile . _...... ___ . __ ... ___ .. __ .. Spm·nwphilus empct1·a.
"The faunal position of the genus Bison is not so certain as in the case of the
other genera here mentioned, though both the American and the European species
seem to be of Boreal origin.
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B. C01nmon to Arctic ancl Huclsonian.
vVolverine __ . _.................. _...... _.. __ . G'nlo luscus.
Gray wolf ... __ ... __ . ____ .................. ___ Ca11is griseus.
Ermine ...................................... Putorius e1'1ninea.

The Boreal Coniferous Forest division may be subdivided into at
leasttwo trans-continental zones: (a) Hudsonian and (b) Canadian;
and a third or "Timber-line zone" may be differentiated from the Hudsonian proper. In speaking of the divisions of the Boreal region on
high mountains it is customary to add the word alpine to the name of
the division; thus, Arctic-alpine, Hudsonian-a1pine, and so on.
MAMMALS OF THE BOREAL ZONE.

(The letter a indicates that the species is known only from mountains, or is in an alpine form.)

Cervus canadensis.
Rangifer caribou.
Alee americanus.
Mazama montana.
Ovis canadensis.
dalli.
Sciuropterus volans sabrinus.
Sciurus fremonti.
mogollonensis (a).
hudsonicus.
californicus (a).
vancouverensis.
richardsoni.
douglassi.
Tamias cinereicollis (a).
obscurus (a).
senex (a)
speciosus (a).
townsendi.
mnbrinus (a).
quadrivittatns (a).
amrenus (a).
luteiventris (a).
borealis.
neglectus.
Spermophilus lateralis.
castanurus (a).
chrysodeirns ,a).
cinerascens.
armatus (a).
beldingi (a).
empetra.
kodiacensis.
columbian us.
Arctomys caligatus (a).
dacota (a).
flaviventer (a).

Aplodontia major (a).
rufa.
Sitomys americanus arcticus.
austerus.
N eotoma cinerea: drummondi.
Phenacomys borealis.
celatus.
intermedius.
latimanus.
lougicaudus.
orophil us (a).
uugava.
Evotoruys _californicus.
occiclentalis.
Evotomys iclahoeusis.
ca,rolinensis (a).
dawsoni.
galei (a).
gapperi.
brevicauclus.
Arvicola alticolus (a).
drummondi.
nallllS (a).
oregonus.
morclax.
longicaudus.
townsendi.
macropns.
xanthognathus.
Myocles obensis.
Cuniculus torquatus.
Zapus hudsonius.
Erethizon dorsatus.
epixanthus.
Lagomys princeps (a).
scbisticeps (a).

384

GEOGRAPHIC DIS'rRIBU'l'IOi~ O:E' LI:E'E IN NORTH AMERICA.
:\IAl\DIALS

OF THE BOREAL ZONE.-Continuecl.

Lepus americanus.
bairdii (a).
washingtoni.
Lynx canadensis.
Ursus america11n8.
horri bilis.
Putorius culbertsoni.
longicauda.
Mustela americana.
caurina.
})ennanti.
Sorex belli.
do bsoni (a).
fosteri.
idahoensis.

Sorex monticolus (a).
pacificus.
richardsoni.
sphagnicolus.
suckleyi.
trowbridgei.
vagrans.
similis (a).
albibarbis.
palustris.
hodrodromus.
Condylnra cristata.
Vesperugo noctivagans.
Atalapha cinerea.

The Sonoran region as a whole stretches across the continent from
Atlantic to Pacific, covering nearly the whole country south of latitude
43° and reaching northward on the Great Plains and Great Basin to
about latitude 48°. It is invaded fi:om the north by three principal
intrusions of boreal forms along the three great mountain . systems
already mentioned; while to the southward it occupies the great interior basin of Mexico and extends into the tropics along the highlands
of the interior. It covers also the peninsula of Lower California, the
southern part of which seems entitled to rank as an independent subdivision.
The following genera belong exclusively to the Sonoran region (as
distinguished from the boreal), none of them ranging north beyond the
transition zone. Those preceded by the letter Tare intrusions fi·om the
tropical region.
1' Didelphis.

TTatusia.
T Dicotyles.
Reithroclontomys. t
Onychomys.
Oryzomys.
Sigmoclon.

Geomys.
Dipodomys.
Perotlipus. *
Microdipoclops.
Perognathus.
Heteromys.
Urocyon.

Bassariscus..
TNasua.
Conepatus.
Spilogale.
N otiosorex.
Scalops.
Corynorhinus.

En derma.
Antrozous.
Nycti.ccjus.
TMolossus.
T Nyctinomus.
T Otopterus.

* The generic name Pm·odipus was proposed in 1867 by :E'itzinger for the 5-toed
kangaroo rats (Sitznngsbel'. math. nat. Classe, K. Akad. Wiss. Wien, 1867, LVI, p.126),
thus ante-dating by twenty-three years the name Dipodops proposed by the writer
for the same type in 1890 (North .dm. Fauna, No. 3, September, 1~90, p. 72). Both
generic names were based on Dipodornys agilis of Gambel, from Los Angeles, Cal.
t The generic name Beitlo:odontomys was proposed by Giglioli in 1873 (Richerche
intorno alla Distribuzione Geagl'ctflca Generale, Roma, 18731 p. 160), and ante-dates
Ochetodon of Cones.
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In addition to the above, the following genera seem to be of Sonoran
or austral origin, a.Uhough re~ching and in some cases penetrating a
considerable distance into the boreal region:
Cariacus.
Antilocapra.
Cynomys.
Sitomys. *

Neotoma.
Thomomys.
TProcyon.
Taxidea.

Mephitis.
T Felis.

Lynx.
Scapanus.

Blarina.
Atalapha.
Vesperugo.
Vespertilio.

The genera Sitomys, Mephitis, Lynx, Atalapha, Vespentgo, and VespertUio range well north in the Boreal zone, where each is represented
by a single species. In the Sonoran zone, on the other hand, these
same genera reach their maximum development and are represented by
numerous species.
Besides the genera above enumerated, a number of sub-genera belong
to the Sonoran region. Among these are Neosciur~ts and Parasciurus
(subgenera of Sciurus), Xerospermophilus, t Ammospermophilus,t and
Ictidomys (sub-genera of Spermophilus), Pitymys, Pedomys, and Neofiber
(sub-genera of Arvicola), and Ohmtodipus (a sub-genus of Perognathus,
which is almost entitled to rank as a full genus).
The Sonoran region may be divided by temperature into two principal trans-continental zones, (a) Upper Sonoran, and (b) Lower Son or an; §
and each of these in turn may be sub-divided into arid and humid
divisions.
The gray fox, Urocyon, ranges over both Upper and Lower Sonoran
from Atlantic to Pacific; and pocket gophers of the genus Geomys
inhabit both these divisions on the Great Plains and in the Mississippi
Valley, and range east to the Atlantic in the Austro-riparian zone.
Both divisions of the Lower Sonoran are inhabited by the trans-continental genera Reithrodontomys, Sigmodon, Oorynorhinus, Nyctinomtts,
Otoptents, Neotoma, and SpUogale, though in the west the two last mentioned range through the Upper Sonoran also.
The humid Lower Sonoran or Austro-ripariau is a division of much
importance. It begins on the Atlantic seaboard at the mouth of Chesapeake Bay and stretches thence southwesterly, embracing the alluvial
lands of the South Atlantic and Gulf States below what geologists
*The generic name Hesperornys being untenable, Allen has recently substituted
for it the name Vesperirn~ts proposed by Cones as a subgenus in 1874 (Bull. Am. Mus.
Nnt. Hist., June, 1894, III, No. 2, pp. 291-297). Vesperirn~ts is ante-dated by Sitornys
of Fitzingcr, proposetl in 1867, and based on Gapper's Cricetus rnyoides from Lake
Simcoe, Ontario, Canada (Sitznngsbe1·. rnnth. nnt. Classe, K. Akad. Wiss. Wien. 1867,
LVI, p. 97). Gapper's C1·icetus myoilles is the common white-footed mouse of southern
Ontario and northern New York, which therefore becomes the type of the genus.
t Xe1·ospe1'1nophUus, sub-gen. nov., proposed for Spermophilus mohavcnsis (type) and
the allied species of the S. spilosoma group.
t .A?nmosp1-wmophiltt61 sub-gen. nov., proposed for Spe1·mopkilus leucnnts (type) and
allied species.
~The great Lower Sonoran Zone may be split lengthwise (in an east and west
direction) into two belts which have not yet been thoroughly dift'erentiated.
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know as the " fall line," rising in the Mississippi bottom as far as the
junction of the Ohio with the Mississippi, and following the former in
a narrow strip to the point where it receives the Wabash. On the west
side of the Mississippi it crosses Arkansas, reaches southern Missouri
and southeastern Kansas, and spreads out over Indian and Oklahoma
Territories and Texas, where it loses its moisture and merges insensibly
into the arid Sonoran. Oryzomys and Nycticefns are distinctive Austroriparian genera. Six other genera (Neotonw, ReUh,rodontomys,
Geomys, Spilogale, Nyctinom't£s, and Oorynorhinus), which iu the region
east of the Mississippi seem to be restricted to this division, have a
more extended range in the west. The cotton rat (Signwclon), another
characteristic Aust~o-riparian genus, has a very limited range in the
arid Sonoran.
The arid Lower Sonoran extends westerly from the humid Sonoran
to the Pacific, covering southiJ.rn New Mexico and Arizona south of the
plateau rim (sending a tongue up the Rio Grande to a point above Albuquerque), the west side of which it follows northerly to the extreme
northwestern corner of Arizona and the southwestern corner of Utah
(where it is restricted to the valley of the lower Santa Clara, or St.
George Valley), and thence westerly across Ne\rada, reaching northerly
to Pahranagat, Oasis, and Owens valleys, and thence curving southwesterly, following the eastern base of the Sierra Nevada, Tehachapi,
and Tejon Mountains, and covers the whole of the Mohave and Colorado deserts and all the rest of southern California except the mountains. It sends an arm southward over most of the peninsula of Lower
California, and another northward covering the San Joaquin and Sacramento valleys. The distinctive mammals of the arid I.1ower Sonoran
are kangaroo rats of the genus Dipodomys, pocket-mice of the sub-genus
Ohmtodipusj and spermophiles of the sub-genera Xe,rospermophilus and
A mnwspermophilus.
The peninsula of Lower California is a sub-division of the ariel Lower
Sonoran zone. Not a single genus of land mammal or bird is restricted
to it and but two peculiar species of mammals have been described.
The peculiar birds are more numerous, but with few exceptions are
only sub-specifically separable from those of neighboring parts of the
United States and Mexico. They may be classed in two categories:
(1) mountain forms derived from the North (of Boreal or Transition
origin); and (2) lowland forms derived from the contiguous plains (of
Sonoran, or in one instance, sub-tropical origin). As would be expected from the character of the country, the great majority are subspecies of well known Sonoran forms, with the addition of a small number of peculiar species belonging to Sonoran genera. But a single subtropical bird is known, namely, Dendroica bryanti castaneiceps, and it
is restricted to the mangrove lagoons.
The presence of thh; sub-tropical bird in the narrow coast lagoons is
in complete accord with the vegetation of the coast strip, which, as Mr.
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T. S. Brandegee tells us, is sub-tropical.* This indicates the presence
of a narrow coast belt similar to that of southern Florida, but of less
extent. It is possible that Basilinna xantusi is sub-tropical rather than
Sonoran, but the details of distribution of the genus are not well
known.
Among reptiles, about 25 peculiar species of snakes and lizards are
believed to be restricted to the peninsula, but no peculiar genus is
known. Three of the genera are tropical, and nine are ariel Lower
Sonoran.
Iu addition to the peculiar species and sub-species of the peninsula,
many characteristic ariel Lower Sonorau forms of mammals; birds, reptiles, insects, and plants abound. Among the latter may be mentioned
the highly distinctive Sonoran desert brush, Larrea, mexicana and
Krameria parvifolia.
Cope includes the whole peninsula in his Lower California region,
but other writers restrict the peculiar fauna and flora to the end of
the peninsula south of the north foot of the mountains between La Paz
and Todos Santos. Bryant states: "There is no more sharply defined
faunal and floral area that occurs to me now, excepting that of islands,
than is embraced in the region above defined," t but he omits to name
the forms by which it is characterized. It is evident however that
the peculiar fauna of the peninsula of Lower California entitles it to
rank as a minor sub-division of the Lower Sonoran zone. It is in effect
an insular fauna of recent origin, bearing the same relation to that of
the mainland as do several qf the adjacent islands.
The humid division of the Upper Sonoran comprises the area iu the
eastern United States commonly known as the Carolinian fauna. The
opossum (Didelphis) here finds its northern limit, as do the so-called
pine-mouse (sub-genus Pitymys) and the Georgian bat ( Vesperugo georgianus). Before reaching the one hundredth meridian this area gradually loses its moisture and spreads out over the Great Plains as the
arid or true Upper Sonoran, reaching an altitude of about 4,000 feet
along the east foot of the Rocky Mountains. in the latitude of Colorado,
and sending a tongue northward along the Missouri obliquely through
North Dakota and into eastern Montana. Another sub-division of the
arid Upper Sonoran occupies the greater part of the Great Basin
between the Rocky Mountains aud the High Sierra, reaching northerly
from the upper border of the Lower Sonoran to and including the plains
of the Columbia and Snake rivers. Another part of noteworthy
extent is a narrow belt encircling the interior basin of California-the
valley of the Sacramento and San Joaquin rivers-and a branch of the
same along the coast between Monterey and the Santa Barbara plain.
* Brandegee, Proc. Cal'if. Accul. Sci., 1891, 2d ser., nr, 110.
t Walter E. Bryant in Zoe, Oct., 1891, rr, No.3, 186. See also his important "Catalogue of the Birds of Lower California,n Proc. Calif. Acad. Sci.J 1889, 2d ser., n, 237320.
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The following genera of mammals find their northern limit in the arid
Upper Sonoran zone: Perodipus, Miorodipodops, Perognothus, Onychomys, Spiloga,le, UrocyQJ~, Bassarisc~ts, and Antrozous.
Interposed between the Boreal and Sonoran regions throughout their
numerous windings and interdigitations, is the Neutral or Transition
zone. The humid division of this zone, known as the Alleghanian
fauna,* covers the greater part of New England (except Maine and
the mountains of Vermont and New Hampshire) and extends westerly
over the greater part of New York, southern Ontario, and Pennsylvania, and sends an arm south along the Alleghanies all the way across
the Virginias, Carolinas, and eastern Tennessee, to northern Georgia
and Alabama. In the Great Lake region this zone continues westerly
across southern :Michigan and Wisconsin, and then curves northward
over the prairie region of Minnesota, covering the greater parts of
North Dakota, Manitoba, and the plains of the Saskatchewan; thence
bending abruptly south, it crosses eastern Montana and Wyoming,
including parts of western South Dakvta and Nebraska, and forms a
belt along the eastern base of the Rocky Mountains in Colorado and
northern New Mexico. here as elsewhere occupying the interval between
the Upper So nor an and boreal zones.
In Wyoming the transition zone passes broadly over the well-known
low divide of the Rocky Mountains, which affords the route of the
Union Pacific Railway, and is directly continuous with the same zone
in parts of Colorado, Utah, and Idaho, skirting the boreal boundaries
of the Great Basin all the way around the plains of the Columbia,
sending an arm northward over the dry interior of British Columbia,
descending along the eastern base of the Cascade Range and the High
Sierra to the southern extremity of the latter, and occupying the sum.
mits of the coast ranges in California and of many of the desert ranges
of the Great Basin.
The transition zone, as its name indicates, is a zone of overlapping
of boreal and Sonoran types. Many boreal genera and species here
reach the extreme southern limits of their distribution, and many
Sonoran genera anu species their northern limits. But a single mammalian genus (Synaptomys) is restricted to the transition zone, and
future research may show it to inhabit the boreal region also.
*Prof. Louis Agassiz, in his highly important work on Lake Superior, clearly rec·
ognized the transition nature of this zone, for he says: "The State of Massachusetts,
with its long arm stretched into the ocean eastward, or rather the region extending
westward under the same parallel through tho State of New York, forms a natural
limit between the vegetation of the warm temperate zone and that of the cold temperate zone. - - - Not only is this also the northern limit of the culture of fi·uit
trees, but this zone is equally remarkable for the great variety of elegant shrnbs
which occur particularly ou its northern borders, where we find so great a variety
of species belonging to the genera Celastrus, Cratregus, Ribes, Cornus, Hamamelis,
Vaccinium, Kalmia, Rhodora, Azalea, Rhododendron, Andromeda, Cletbra, Viburnum, Ccphaht11thus, PrinoH, Dirca, Celtis, etc." (Lake Stt]Jeri01·, 1850, 182-183.)
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The following boreal genera of mammals disappear in the transition
I
zone:
'famias. "
Fiber. t
Evotomys.

Zapus.
Erethizon.
Arctomys.

Vulpes. *
Cervus.
Ovis. *

Ursus. ·"
N eurotrichus.
Condylura.

The following Sonoran genera of mammals disappear in the transition zone:
Antiloca1wa.
Cynomys.
Spilogale. t

Geomys.
Thomomys.§

Perognathus.
Bassariscus. t

Urocyon.t
Scalops.

As already stated, the only mammalian genus apparently restricted
to the transition zone is Synaptomys, a lemming mouse. A number of
species however seem to be nearly or quite confined to this zone.
Among these are the following:
Sciurus aberti.
fossor.ll
carolinensis leucotis.
Tamias merriami.
minimus.
pictus.
striatus.
Spermophilus elegans.
richardsoni.
obsoletus.
Arvicola pallidus.
8ynaptomys cooperi.
Lepus americanus virginianus.
campestris.
idahoensis.ll
sy lvaticus nuttalli.ll

Spermophilus spilosoma pratensis.
grammurus.
townsendi.ll
Cynomys leucurns.
Sitomys nebrascensis.
boylii.
michiganensis.
Arvicola mogollonensis.
austerus minor.
curtatus.
Perognathus fasciatus.
olivaceous.
Putorius nigripes.ll
Vulpes velox-.
Scapanus americanus.
Vespertilio melanorhinus.

Local elevations of the land in the Sonoran region are capped with
isolated patches of transition or boreal species, according to the temperature to which their summits attain; and if the elevation is sufficient
to secure a boreal fauna and flora, the latter is always separated from
*Except one species, which inhabits a limited part of the Sonoran region.
t Fiber ranges south beyond the normal limit of the transition zone, but it does so
along the banks of cool streams that give it a much lower temperature than that of
the surrounding atmosphere. It is probable that both Fibel' and Cctsto1' shoulu be
classed with aquatic species, the limits of their distribution tlepending ou the temperature of the water. The same is true in a less degree of the paludal sub-genera
NeosortJx antl Atophymx (of Sorex) and of the semi-amphibious members of the subgenus JJ£ynornes (of A1·vicola).
t These genera barely enter the transition zone at all except iu a very small area
in the far "'i¥est.
§ Except on high mountains in the Sonoran region.
II Range down into Upper Sonoran also.
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the Sonoran of the surrounding plane by a belt or girdle of transition
zone forms.
-The tropical region reaches the United States at two remote pointsFlorida and Texas. In the former it exists as a narrow sub-tropical
belt encircling the southern half of the peninsula from Cape Malabar
on the east to Tampa Bay on the west. In Texas it crosses the Lower
Rio Grande from 1riexico, and extends north to the Nueces R,iver. In
western Mexico the tropical region reaches Mazatlan.
Fourteen families of tropical mammals inhabit North America north
of Panama, namely:
Didelphidoo.
Bradypodidoo.
Myrmecophagidoo.
Dasypodidoo.

Dicotylidoo.
Tapiridoo.
Octodontidoo.
Dasyproctidre.

Procyonidoo.
Solene>dontidoo.
Emballonuridoo.
Phyllostomatidoo.

Hapalidoo.
Cebidoo.

Of the above fourteen families, six reach the United States, namely,
Didelphidm, Dasypodidm, Dicotylidm, Procyon-idee, Emballonuridce, and
Phyllostomatidce, and two of the latter (Didelphidce and Procyonidce)
penetrate the entire breadth of the Sonoran region, the Procyonidce
even entering the lower edge of the Boreal. Descending from families
to genera, it is found that no less than sixty-two tropical genera of nonpelagic mammals inhabit North America north of Panama, of which
number nine enter the United States from Mexico, namely, Didelphis,
Tatusia, Dicotyles, N asua, Procyon, Felis, Molossus, Nyctinomus, and
Otopterus. Of these, Ditlelphis, Felis, and Procyon now reach considerably further north than the others, as just pointed out in speaking .
of the families to which they respectively belong. In explanation of
this extended range it. is found that these genera inhabited North
America in pre-glacial times, and as a consequence have become acclimatized to a wider range of climatic conditions. The semi-tropical
belt of Florida is not known to possess any tropical mammals except
bats and a large indigenous mouse (Sitomys macropus),* but it has not
been explored by experienced mammal collectors. Still, its recent
origin and complete isolation from other tropical areas would indicate
the absence of terrestrial species derived from the south. At the same
time it is known to be rich in tropical plants, iand shells, insects, and birds,
as is shown in another part of the present paper (see post pp. 404,
405). It contains nine genera of tropical birds, namely Zenaida, Geotrygon, Starnmnas, Rostrha1nus, Polyborus, Orotophaga, Euetheia, Oa.ZZichelidon, and Omreba.
The following sixty-two genera of mammals belong to the North
American tropical region. The nine preceded by the letter S enter
the southern United States, which they penetrate varying distances.
Nyctinomus and Otopterus inhabit the Lower Sonoran zone in common
*Described by the writer as Hesperomys macroptts in N, Am, Fauna, No. 4, Oct.,
1890, p. 53.
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with the tropical; Didelphis pushes completely through the humid
division of the Son or an region; and Felis and Procyon enter the lower
edge of the boreal.
NORTH AMERICAN TROPICAL GENERA.

Chironectes.
S Didelphis.
Bradypus.
Cholrepus.
Myrmecophaga.
Taman dna.
Cycloturas.
S Tatusia.
S Dicotyles.
Elasmognathus.
Capromys.
P1agiodontia.
Echinomys.
Synetheres.
Dasyprocta.
Crelogenys.

Stenoderma.
Noctilio.
Chiroderma.
S Molossus.
Pygoderma.
S Nyctinomus.
Sturnira.
Chilonycteris.
Brachyphylla.
Mormops.
S Felis.
Centurio.
S Procyon.
Desmodus.
Bassaricyon.
Diphylla.
Midas.
SNasua.
Mycetes.
Cercoleptes.
Lonchorhina.
Galictis.
Solenodon.
S Otopterus,
Varnpyrus.
Natalus.
Rhynchonycteris. Micronycteris.
'frachyops.
Saccopteryx.
Diclidurus.
Phyllostoma.

Mimon.
iiemiderma.
Glossophaga.
Phyllonycteris.
Monophylla.
Leptonycteris.
Glossonycteris.
Chreronycteris.
Artibeus.
Vampyrops.
Chrysothrix.
N yeti pithecus.
Ateles.
Cebus.

Recapitulating, it is found that of the 134 genera of non-pelagic
mammals inhabiting North America north of Panama, 53 are exclusively t;ropical, 20 exclusively Sonoran, and 20 exclusively boreal. In
additioa to these genera, which do not outstep the limits of the regions
to which they severally belong, a number of others are clearly referable
to the same regions, though ranging varying distances beyond their
proper boundaries. Including these genera, the number belonging to
each region is as follows: Tropical, 62; Sonoran, 34; boreal, 31; thus
leaving but 7 genera out of a total of 134 that are not distinctly referable to 01.1e of the three regions. Qne of these (Synaptomys) is 1wt
known to occur outside the limits of the transition zone, leaving but
six genera that have not been assigned. These genera are Sciuropterus,
Sciurus, Spermophilus, Lepus, Canis, and Lutra, each of which ranges
over large parts of both boreal and Sonoran regions. All except Sperrnophil'lts inhabit the tropical region also, and all are of great antiquity,
as will be shown presently (p. 393). The genera Spermophilus and Lepus
might be referred to the Sonoran region, because the great majority of
their species are confined to it; and for the same reason Sci'ltr'lts might
be considered tropical and Sonoran.
Omitting Mexico and Central America, and regarding the 9 intrusive tropical genera already mentioned as Sonoran (in contradistinction to boreal),it is found that 81 genera of non-pelagic mammals inhabit
the United States and Canada, of which 43 may be looked upon as of
Sonoran origin and 31 as of boreal origin. The 7 genera remaining are
those mentioned in t:llJj last paragraph.
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Geographic distribution of North .A.rnerican genera of nonpelagic
north of Mexico.

mmnn~als

occurring

BOREAL GENERA.

Cervus.
Rangifer.
Alee.
Ovis. *
Mazama.
Bison. (f)
Ovibos.
Tamias. *

Arctomys.
Aplodontia.
Castor.*
Arvicola. *
Fiber.*
Evotomys.
Phenacomys.
Myodes.

Cuniculus.
Zapus.
Erethizon.
Lagomys.
Vulpes.*
Ursus. *
Thalarctos.
Latax.

Gulo.
Mustela.
Lutreola. *
Putorius. *
Sorex. *
N enrotriclms. (!)
Condylura.

SONORAN GENERA.

Cariacus.t
Antilocapra.
Cynomys.
Reithrodontomys.
Onychomys.
Sitomys.t
Oryzomys.
Sigmodon.
Neotoma.t

Geomys.
Thomomys.
Dipoclomys.
Perodipus.
Microdi podop~
Perognathus.
Heteromys.
Lynx.t
Urocyon.

Bassaqscus.
Taxidea.
Conepatus.
Mephitis.t
Spilogale.
Motiosorex.
Blarina.t
Scapanus.
Scalops.

Corynorhinus.
Euderma.
Antrozous.
Nycticejus.
V esperugo. t
Atalapha.t
V espertilio. t

TROPICAL GENERA.

Didelphis.
Tatusia.
Dicotyles.

Felis. t
Procyon.t

Nasua.
Molossus.

Nyctinomus.
Otopterus.

TRANSITION ZONE GENERA.

Synaptomys.
GENERA INHABITING BOTH BOREAL AND SONORAN ZONEe . .

/

Sciuropterus.
Sciurus.

Spermophilus.
Canis.

Lutra.

Lepus.

DISTINCTNESS OF THE TROPICAL REGION FROM THE SONORAN.

It has bee a shown that the fauna. and flora of tropical America reach
the United States, though in a somewhat dilute condition, along the
Lower Rio Grande in Texas and in southern Florida, and that in the
vast majority of cases their genera and species differ widely from those
of other parts of America. Except for the presence, chiefly in the southern United States, of a comparatively few forms derived from the
tropical region, the fauna and flora of North America are as distinctive
and independent of the existence of this area as if separated from it by
the broad ocean. Among the eighty.one genera of non-pelagic Mammalia inhabiting North America north of Mexico the number of these
*Having one species in Sonoran zone or reaching Sonoran.
t Having one species in Boreal zone or reaching southern edge of Boreal.
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intrusive genera is only nine,* as has been shown, and three of these
are bats. These genera are: Didelphis Tatusia, Dicotyles, Felis, Procyon, Nasua, Molossus, Nyotinomu,s, and Otopterus. Tatusia and Nasua
barely reach our southern boundary; Dicotyles extends only part way
through Texas; Molossus a short distance into southern California;
Nyctinomus and Otopterus do not pass beyond the lower Sonoran zone,
and Didelphis is restricted to the humid division of the Sonoran. Out
of the nine intrusive genera, therefore, but two (Felis and Procyon)
reach the southern edge of the Boreal.
On the other hand, a few groups, such as the wolves, otters, squirrels,
and rabbits (genera Canis, Lutra, Sciurus, Sciuropterus, Spermophilus,
and Lep~ts) occur over large parts of both North and South America,
presenting a seeming obstacle to the acceptance of the view that the
faunas in question are so wholly dissimilar. But investigation shows
that these animals are almost world-wide in distribution, implying great
antiquity of origin, and remains of most of them have been found as low
down at least as the Miocene strata in both America and Eurasia.
Hence it is clear that these types became diffused over North and South
America at a very distant period, and their peculiar habits of life, though
wholly dissimilar, enabled them to survive the great mutations these
land areas have undergone since Miocene times.
The paucity of species of tropical derivation in North America is the
more remarkable in view of the absence of barriers of any kind, save
climatic canditions alone, to impede the free ingress of species from the
south. No mountain range or arm of the sea or other tangible obstacle
marks the northern boundary of the semi-tropical fauna of northeastern
Mexico, where it ends abruptly near the Nueces River in Texas, or the
semi-tropical belt of Florida, where it ends near Tampa Bay on the
west and Cape Malabar on the east.
If the tropical fauna and flora stopped at the narrow Isthmus of
Panama, or even in southern Nicaragua, where the last union of the
North and South American continents probably took place, the case
would be very different, but instead of doing this it pushes northward
1,500 to 2,000 miles and ends abruptly where the most painstaking
search fails to reveal any barrier to further extension, except an uncon.
genial decrease in temperature and humidity. (See also remarks under
change of climate following Pleistocene times, p. 398.)
No more striking illustration could be desired of the potency of climate compared with the inefficiency of physical barriers than is presented by the almost total dissimilarity of theNorth American Tropical
and Sonoran regions, though in direct contact, contrasted with the
great similarity of the Boreal regions ot North America and Eurasia,
now separated by broad oceans, though formerly united doubtless in
the region of Bering Sea. Of the thirty-one Boreal genera of North
~<Among· birds the number of intrusive forms is greater, as would be expected from
their superior powers of locomotion and dispersion.
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American mammals all but eight, or three-fourths, occur also in Eurasia,
and but a single family is restricted to cold-temperate America. This
family (the Aplodontidw) is the sole representative of a group approaching extinction, and the accident of its survival (in a single genus and
two closely related species) in a very limited area along our west coast
can hardly be construed as of much faunal significance. Contrasted
with this one family (which ought not to be counted) and eight genera
ofBoreal North American mammals not occurring in Eurasia, tropical
North America (CentralAmerica and part of Mexico, exclusive of the
West Indies) has no less than eight families and fifty-three genera not
belonging to the immediately adjoining Sonoran region of the southern
United States and the plateau of Mexico.
THE SONORAN NO'l' A TRANSITION REGION.

Before leaving this part of the subject reference should be made to
the view recently advanced by some naturalists, notably by Angelo
Heilprin, that the Sonoran region is itself a ''Transition region"
between the Boreal and Tropical faunas and floras. The incorrectness of this hypothesis is easily demonstrated, for it rests upon the
assumption that the Sonoran region is a mixture of Boreal and Tropical
forms. The contrary has just been shown to be the case, the hiatus
between the Sonoran and Boreal on the one hand and the Sonoran and
Tropical on the other being not only immense, but vastly greater than
that between Boreal America and Eurasia.
DIFFERENTIA'l'ION OF LIFE FROM THE NORTH SOUTHWARD.

Animals and plants inhabiting the Arctic regions are usually specifically identical throughout Arctic America, Greenland, and the polar
parts of Eurasia and outlying islands, while as they diverge from the
pole southward they tend to split up into many species; in other words,
Boreal species are more stable and persistent than those inhabiting
warmer countries. The explanation of this fact is obvious. The identity of climate and environment throughout the Arctic zone tends to
preserve identity of specific characters, giving rise to a homogeneous
fauna and :flora, while the diversity of physical conditions and climatic
influences prevailing in an increasing degree at greater distances fi.·om
the pole exerts a powerful influence upon the various forms of life,
producing first local geographic races or sub-species, then species, and
finally groups of species constituting well-marked sub-genera and even
genera, giving rise to greatly diversified faunas and floras. Thus
among mammals the polar or ice bear ( :rhala,rctos mariUmus) has no
very near relative, and is replaced in the tundras by the brown and
barren-ground bears ( Urs~ts arctos and richardsoni), which run into
several more or less distinct forms, as the snow bear ( U. isabellim.ts),
Syrian bear ( U. syriacus), and hairy-eared bear ( U. piscatm·). Besides
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these are the grizzly ( U. horr,ibilis), of which two forms may be recognized) and the black bears of America and Eurasia ( U. americanus,
torquatus, ~nd japonimts); and still farther southward the group becomes differentiated into several well-marked genera.
In like manner the Arctic fox is replaced to the southward, first, by
the red foxes of America and Eurasia, of which several sub-species are
known; second, by a number of quite distinct species; and third, by
additional types, at least one of which in our country is entitled to
generic rank ( Urocyon).
The ermine and polar hare are the sole Arctic representatives of
groups which in the temperate parts of Europe and America comprise
many distinct species, and in the case of the former, several wellmarked sub-genera.
The Arctic lemmings (genera Myodes and Gunimtlus) are numerously
represented in the north temperate parts of the world by the genera
Ellobi~ts, Synaptomys, Phenacomys, Evotomys, Fiber, and Arvicola.
It is not to be inferred from the above remarks that the polar representatives of these various groups are to be looked upon as the parent
stocks from which the other members sprang. Usually the reverse is
the case, for groups of Boreal origin that now attain their maximum
development in the nortb temperate regions have their-"number reduced
in the Arctic circle to a single representative. But regardless of centers of origin, it is here intended to emphasize the fact that types inhabiting the Arctic zone are few in number and uniform in character
throughout their distribution, while to the southward the same types
become more and more diversified andnewtypes appear as the distance
from the pole increases,* so tba~ it may be formulated as a general
proposition that in continental areas the further from the poles, the
larger the n~tmber of families, genera, and species. t
" The eld6r Agassiz long since pointed out that a the vegetation of the two continents becomes more and more homogeneous the more we ad vance northward." (Lake
Superior, 1850, 153.) Stated conversely, this is in complete accord with the ''Law
of differentiation from the north southward" formulated by Allen as "a constant
and accelerated divergence in the characters of the animals and plants of successive
regions of the continent." (Bull. Mns. Cornp. Zool. n., 1871, 379.) In a later contribution the same author speaks of the "high rate of differentiation favored by tropical conditions of climate," and adds that Arctic and cold-temperate climates are
characterized uy only slightly or moderately diversified faunas; that a moderate
increase of temperature results in the addition of many new types; ancl that "a
l1jgh increase in temperature, giving tropical conditions of climate," is accompanied
by "a rapid multiplication of new forms and a maximum of differentiation."
t This is a general proposition intemled to apply to terrestrial forms of life collectively, and does not conflict with the law thttt the maximum number of species in
each particular group is found in the zone or area which is the center of its distribution.
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ORIGIN OF TYPES AND FAUNAS-GEOLOGIC EVIDENCE.

In speaking of the Boreal and Sonoran origin of species and groups
in the present paper, the term "origin" is used exclusively in a sense
intended to indicate present centers of distribution-not real or ancient
centers of origin; for it must be borne in mind that the history of the
inhabitants of the earth is not only a history of the successive appearance and disappearance of types now extinct, but a history of great
movements-of vast migrations to and fro over the surface of the globe,
and little is known of the real points of origin of our Boreal and Tropical faunas and :floras. The geologic evidence demonstrates that in the
past large land areas have been many times joined together and many
times rent asunder. The establishment of land continuity between
areas previously disconnected has made it possible for new forms of
animals and plants to obtain a footing and spread over regions preV'iously uninhabited by them,-often doubtless at the expense of the
indigenous fauna and :flora. Even great continents, as North and
South .America, have been more than once united and separated; and
the last union of these continents is so recent we can distinctly trace at
the present day the course and distribution of the intrusive forms.
On the other hand, in comparatively recent times, multitudes of
species and genera, and even families and higher groups, have suddenly disappeared from large areas where they were formerly abundant,
and some of them from the face of the earth, so that the fauna of the
recent past compared with that of to-day presents some strange contrasts. North America in Pleistocene times was inhabited by associations of mammals not now living on this continent, but found in as far
distant parts of the earth as Asia and South America; for horses,
camels, and elephants then lived here with llamas, tapirs, and capybaras. With them were others now altogether extinct, as huge tigers,
wolves, cave bears, the great Mastodon, the Megatherium, Megalonyx,
Mylodon, and other gigantic sloths.
GLACIAL EPOCH.

The cause of this sudden extermination of dominant types is believed
to have been the Glacial epoch, which is known to have driven species
of animals and plants from the poles to the tropics, and which explains
several of the otherwise inexplicable problems presented in the study
of the past and present distribution of life.
The snows at the beginning of the Glacial epoch fell upon a conti·
nent of great forests-forests that gave shelter to multitudes of mammals and birds and other forms of life, a large proportion of which no
longer inhabit America, and many of which do not exist in any part of
the globe.
During the period of maximum development the great glacier is believed to have been not less than s,ooo feet in thickness in northern
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New England, and its southern border crossed New Jersey and Pennsylvania, and thence, curving irregularly southwesterly to southern
Illinois and then northwesterly, finally reached the Pacific Ocean in
British Columbia. The disastrous effect upon animals and plants of
this tremendous body of ice must have reached far south of its actual
borders.
The Glacial epoch is believed to have been made up of at least two
principal and a number of minor advances and retreats, separated by
long intervals and accompanied doubtless by corresponding fluctuations in the northeen boundaries of the faunal and :floral areas immediately to the south; for it is reasonable to suppose that throughout the
period covered by the movements of the ice mantle, and probably in
later pre-glacial times as well, the forms now known as Boreal and
Arctic (or their immediate ancestors) inhabited areas characterized by
temperatures not very different from those they now require, and that
the northern limit of each species kept at a certain uniform distance
from the ice line. "Plants," says Dr. Gray, "are the thermometers of
the ages, by which climati0 extremes and climates in general are best
measured."
Important evidence of the correctness of this hypothesis is afforded
by the well known presence of colonies or assemblages of arctic species
on isolated mountain summits in southern latitudes, where the altitude
carries them into the low temperature of their homes in the far north.
It is obvious that such colonies could not have reached their present
positions during existing climatic conditions. But during the return
movement of animal and plant life following the retreat of cold at
the close of the Glacial epoch, many Boreal species were stranded on
mountains, where, by climbing upward as the temperature increased,
they were enabled to survive, finding a final resting place with a climate
sufficiently cool for their needs, and here they have existed to the present
day.*
Throughout the growth of the great ice mass and its extension from
the north southward it is clear that the animals and plants that could
not keep pace with its advance must have perished, while the steady
pushing toward the tropics of those that were able to escape to the
rapidly narrowing land in that direction must have resulted in an overcrowding of the space available for their needs and a corresponding increase in the severity of the struggle for existence. The sustaining capacity of a region is limited; hence such a thing as over-crowding, in
the sense of greatly increasing the number of organisms a region can
support, is an impossibility, for beyond a certain limit all excess of life
*In a former communication attention was called to the circumstance that the
presence or absence of such arctic-alpine colonies on high volcanic mountains may be
of use to the geologist as; affording evidence of the age of the Yolcanic activity resulting in the upheaval of the mountain, t.he absence of Arctic or Boreal forms indicating postglacial origin. (N. Arn. Fa~ma, No.3, September, 1890, p. 21.)
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must perish,-over-crowding inevitably leading to death. Tbe mortality in any one year may not have been great, but during the many
thousands of years covered by the movements of the continental ice the
aggregate destruction of life must have been stupendous.
Immediately upon the close of the Glacial epoch, life began to reclaim
the regions from which it had been so long shut out. This overflow
relea~ed the tension under which the animals and plants had been struggling for ages and rendered the contest for existence less severe. Overproduction bad at last found an outlet, and life became possible to a constantly increasing number of individuals. Normal reproduction was
sufficiently rapid to supply occupants for tho regions made habitable
by the slow recession of the ice, and the ad vance of both plants and
animals kept pace, doubtless, with its progressive increase. But the
species that survived to return were only in part those driven out.
Many had been overtaken by the colu or had perished in the journey
southward; others were driven into inhospitable regions where the environment was not suited to their needs; others still succumbed in the
struggle resulting from over-crowding, and some that outlived the first
great'1_)eriod of glaciation perished during the second. Gilbert tells us
that a detailed study of the ancient lake beds of the Great Basin
"shows two lacustral epochs corresponding to two glacial epochs, and
correlates the mammalian fauna with the later half of the later Glacial
epoch. Presumptively this date falls very late in the Pleistocene
perio.d." ("Lake Bonneville," by G. K. Gilbert, 1890, 397.) The mammalian fauna referred to comprises an elephant, an otter, two horses,
three llamas, a deer of the genus Cervus, an ox, a gigantic sloth, together with three species now living, namely, the coyote, beaver, and
pocket gopher (Thomornys). No new types came in to take the place
of those exterminated; hence we in the United States now live in a
region deprived of many of the groups to which it gave birth, and we
are forced to visit remote parts of the earth to see animals and plants
that once attained their maximum development in North America,
while others that formerly flourished here are entirely extinct.
Not only are the pre-Pleistocene animals and plants now represented
imperfectly and in greatly reduced numbers, but the areas at present
inhabited by their descendants, except in the case of the Boreal forms,
are insignificant in comparison with their former extent. It should be
remembered that the refrigeration of the Glacial epoch has only in part
disappeared. In early Pliocene times characteristic representatives of
sub-tropical faunas and floras existed northward over much of the
United States and Canada, and in still earlier times reached the Arctic
Circle.* During the advance of cold in the Glacial epoch these forms
were either exterminated or driven southward into the narrow tropical
parts of Mexico and Central America. The retreat of cold at the ter*Among trees fossil remains of magnolia, sassafras, and liqnidamber have been
found in Greenland.
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mination of this period was uot complete, and our continent has never
regained its former warmth. Hence the expelled species were not permitted to advance more than a short distance into the region formerly
occupied by them, and the tropical species have been held back and at
the present day are not found except along the extreme southern confines of our territory. For example, peccaries in early Pleistocene times
ranged northward over a large part of western America, while at present they are restricted to parts of Texas and Louisiana below the Red
River of the South; and the capybaras, tapirs, and other tropical form8
whose fossil remains have been found in many parts of the United
States have not been able to return. The same is true of plants; for
the palms, tree ferns, and numerous other tropical types that formerly
ranged over much of our country, are now either altogether extinct or
exist only in the tropics.
Thellama-andmanyplants-now inhabiting the Andes may be looked
upon as representing a class of cases in which Boreal forms were driven
so far south that they actually reached the great mountain system of
South America, and spread southward over its elevated plateaus and
declivities to the extreme end of the continent in Patagonia and Terra
del Fuego. This fact has been long recognized by botanists.
The palreontologic history of the earth shows that many groups now
unknown came into existence from preceding groups, gradually attained
a maximum development, and as gradually passed away; but there are
few records of breaks in the geologic series, or of disturbances of any
kind from the earliest appearance of life to the present time, that have
resulted in the destruction of so many types as the cold of the Glacial
epoch.
CAUSES CONTROLLING DISTRIBUTION.

It is now pretty generally conceded that temperature and humidity
are the chief factors governing the distribution of life, and that temperature is more potent than humidity. Illustrations of this law have
been already given in contrasting the humid and arid elements of the
several zones with the zone elements as limited by temperature, and it
bas been found in the case of mammals and birds that the effects of tern~
perature, estimated numerically, are more than three times greater than
the e:fl'ects of humidity upon genera, and many times greater upon the
higher groups.
Authors differ as to the exact period during which temperature exerts
the greatest influence, but there can be little doubt that for both animals and plants it is the season of reproductive activity, and hence
varies inversely with latitude and altitude. In high arctic latitudes
this period is very brief, while in the humid tropics it seems to extend
over nearly if not quite the whole year.*
* This was pointed out by the author in North Am. Fauna, No. 3, September, 1890,
pp. 26, 27.
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Whether the temperature in question is the mean of a certain period
or the sum of the daily temperatures for that period, or the sum in
excess of a certain minimum, expressed in degrees of the thermometric
scale or in calories, and how to determine the prec,ise beginning and
ending of this period for each locality, are questions respecting which
difference of opinion prevails; and authors are not agreed as to whether
the temperature should be taken in the sunshine or in the shade, or at a
certain distance below the surface of the earth. At the same time it has
been demonstrated by Linsser and others that a definite quantity of
heat is required to complete the process of reproduction in a number of
plants experimented upon,-andnature's laws are not framed for isolated
cases. This law is taken advantage of by expert gardeners and horticulturists who are able to so regulate the temperature of their greenhouses that they can produce a perfect flower or a ripe fruit on a specified day.
A few species (particularly among plants) are so sensitive to cold
that they are limited in northward range by the line of killing frostbut in the vast majority of cases the winter temperature is of no consequence. As I have already shown, " The season of reproduction for
the plant, as for the animal, is the warm part of the year. After the
period of reproduction the plant withers; after it :flowers and fruits
and matures its seed, it dies down or becomes physiologically inactive.
And what the plant accomplishes in one way the animal accomplishes
in another. To escape the cold of winter and its consequences, the
sensitive mammal hibernates; the bird migrates to a more southern
latitude; the reptile and batrachian dig holes in the mud or sand and
remain in a torpid condition; the insect sleeps in its cocoon or buries
itself under leaves or decomposing vegetation; and none but the hardier forms of life are left to be affected by winter temperatures." (N.
.Am. Fauna, No.3, September, 1890,26, 27.)
After temperature and humidity, several subordinate though important factors remain to be considered. Among these may be mentioned
the duration and actinic effects of sunlight (governed in part by percentage of cloudiness or fog and by the mechanical purity of the atmosphere). The character of the soil also determines the presence or
absence of many species.*
EFFECTS OF HUMIDITY CONTRASTED WITH EFFEC'l'S OF TEMPERATURE.

With a few exceptions the Boreal zones, owing to their low temperatures, precipitate sufficient moisture to support arboreal vegetation,
and do not possess arid areas. The Transition and Sonoran zones, on
the other hand, naturally fall into two jmportant subdivisions, arid and
*The controlling causes of distribution will not be discussed further here becaur
they are the subject of another commnnication npon which the writer is engaged.
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humid, as indicated in defining their courses. As a rule, the former
consist of treeless plains, deserts, and barren mountains, while the latter are bountifully clothed with forests. Most of the humbler forms of
vegetation are different in the two sub-divi&ions, and differences exist
also among the mammals, birds, and reptiles, but the great majority
of these dissimilarities are not of the same kind as those that distinguish one zone from another. Most of them are speeific, not generic,
and the number of distinctive groups of high order is very much less.
This may be made clear by selecting the distinctive elements of the
arid Sonoran (which has the largest number ofpeculiar forms) in comparison with those of the humid Sonoran (or Austro-riparian) and contrasting them numerically with the distinctive elements of the Sonoran
as a whole comp.1red with those of the Boreal as a whole.* Among
non-pelagic mammals the ·arid Sonoran has one family (Antilocapridw)
and only ten generat not known to inhabit the humid Sonoran or Austro-riparian, and the latter has but one family (Didelphidw) and four
genera Didelphis, Oryzomys, ScaJops 7 and Nycticej~ts) not found in the arid
Sonoran (and the f<:1mily and one of the genera are intrusions from the
Tropical region), while thirteen families and twenty-seven genera are
common to both arid and humid subdivisions.t
Among birds the arid Sonoran has no family and only twenty-four
genera not inhabiting the humid Sonoran, and the latter has no family
and but seven genera not found in the arid, while twelve families and
thirty-one genera are common to the two divisions.
Contrasting the Sonoran as a whole with the Boreal as a whole, it
appears that there are no less than eight families and forty-one genera
of mammals and ten families and about one hundred genera of birds
distinctive of the Sonoran, and six families and thirty genera of mammals and three families and about forty genera of birds distinctive of
the Boreal zone. In other words, taking mammals and birds together,
the arid Sonoran has one peculiar family and only thirty-four distinctive genera, and the humid Sono ran one family and eleven genera (of
which the family (Didelphidce) and several of the genera are clearly
intrusions from the tropical region), while the Sonoran as contrasted
with the Boreal has eighteen distinctive families and one hundred and
forty-one distinctive genera, and the Boreal has nine distinctive families and seventy distinctive genera.
Only eight families and eight genera of mammals are common to the
Boreal and Sonoran regions. The common families are: Oervidcc,
Muridw, Sci~tridce, Leporidce, M~tstelidce, Canidce, Felidce, and Soriciclw.
*The intrusive tropical genera are here treated as Sonoran.
tThese genera are: Antilocapra, Cynornys, Onychomys, Thomomys, Dipodornys, Perodipus, Mim·odipodops, Perognathns, Bassariscus, and Antrozous.
t The newly discovered genus of Chit•optera, EndeJ'Inct, is here omitted because only
a single specimen is known, and it can not yet be satisfactorily assigned to its proper
faunal position.

H. Mis. 334, pt. 1--26
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The commmon genera are: Sito·mys, Sciur~ts, Sc·i~troptents, Spermophihts, Lepus, Lutra, Canis, and Lynx. Several others inhabit limited
parts of both regions, but are not common to these regions as a whole.
With the possible exception of the gray wolf, not a single species of
mammal ranges throughout the Sonoran and Boreal zones, though a
number are common to the Upper Sonoran and Lower Boreal (Canadian); and in the case of the wolf it is almost certain that comparison
of specimens will show the animal of the southern United States and
Mexico to be perfectly distinct from that of Arctic America. The
ennine is another species of exceptional though less extensive range,
if it is really true that the weasel inhabiting the shores and islands of
the Polar Sea is specifically identical with that found in the more elevated parts of the Southern States,-an assumption I can not for a
moment entertain.
In the case of land birds, eighteen genera are ~ommon to the Boreal
and Sonoran regions. The number of common families is relatively
large as would be expected from the wide dispersal of most families of
birds. For instance, the Turd idee or thrushes inhabit North and South
America, Eurasia, Africa, India, aud Australia; the Paridcc or titmice
inhabit North and South America, Eurasia, Africa, India, Australia,
and New Zealand; the Oinclidce or dippers inhabit North and South
America, Eurasia, India, and the Anstro-Malayan region; the Troglodytidm or wrens inhabit North and South America, Eurasia, India,
Africa, and the Austro-Malayan region; the Corvidm or crows, magpies
and jays, are found in every part of the world, and so on.
Nu1nbm· of di.stinctive fmnilies and gm~erct of Mammals and Bi1·ds of the arid Sonoran
con~parf'd with the hum·id Sono1·an, and of tlt.e Sonewan as a whole compared with the
Boreal as a whole.
Mammals.
Family.
-------------·1--~

Ariel Sonoran distinguished from humid
Sonoran by -- ------ _-- __- ______ -- _- ___ _
Humid Sonoran distinguished from arid
Sonoran by--- - ... ------------------ __ .
Common to both arid and humid sonoran ·---·-· ·----------------- ·--------··
Sonoran as a whole distinguished from
Boreal by.---------------------------_.
Bon'lal as a whole distinguished from
Sonoran by -- - . ---- -- ---. - _- .. - ..... _..
Common to Boreal and Sonoran. - ..... _. _

Birds.

Total.

Genera. Family. Genera. :F'amily. Genera.
-------------24

10

34

11
13

27

12

31

*41

10

100

tao

3

8

1

25

58

18

141

I

1···--·····1

70

:: 1- ...... '

26

;.- Sitorri1JS nnd Lynx are omitted because they range over mo;;t of the forested part. of the B«ilreal
regio~.

·1P1ttorius is omitted

heca.u~e

it ranges over much of the Som>ran

re~iOJJ.

Descending to the species the contrast is even more marked.
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The above table shows, so far as the genera of mammals and birds
are concerned, that the difference between the humid '' .A.t lantic" or
"Eastern p;ovince" on the one hand, and the arid Great Plains and
Great Basin on the other, is less than one-fourth as great as the difference between the Sonoran and Bor~al regions.
These facts, it seems to me, should suffice to establish beyond dispute
the subordinate part played by humidity in comparison to temperature,
and should dispel any lingering doubts that may still haunt the minds
of conservative naturalists respecting the necessity of abandoning the
long accepted division of the United States into Atlantic, Central, and
Pacific provinces.
REMARKS CONCERNING SOME OF WALLACE'S STATEMENTS.

Wallace, in his great work on geographic distribution, and in subsequent writings on the same subject, greatly under-rates the importance of temperature as a factor in determining the distribution of life.
He lays great stress upon the dissimilarity of the faunas and floras of
parts of Africa, South America, and Australia lying in the same latitude, and calls particular attention to the circumstance that although
the climate may be identical over these widely separated areas, the
species and higher groups are totally distinct, because the regions have
been disconnected since early geologic times,-as if these facts were not
self-evident. On the other hand, in single continental areas where
there is no break or barrier of any kind between widely different faunal
zones, he tries to invent some unnatural reason for the differences
observed, and is reluctant to admit that even in these cases climate or
climatic conditions can constitute the barriers to dispersion that
undoubtedly exist. He says of climate: "Probably its action is indirect, and is determined by its influence on vegetation, and by bringing
diverse groups into competition."
In another place he states: "Hot countries usually differ widely from
cold ones in all their organic forms; but the difference is by no means
conctant, nor does it bear any proportion to difference of temperature.
Between frigid Canada and sub-tropical Florida there are less marked
differences in the animal productions than between Florida and Cuba
or Yucatan, so much more alike in climate and so much nearer together."
He states further: "The eastern United States possess very peculiar
and interesting plants and animals, the vegetation becoming more luxuriant as we go south, but not altering in essential character; so that
when we reach 'the southern extremity of Florida we still find ourselves
in the midst of oaks, sumacs, magnolias, vines, and other characteristicforms of the temperate flora; while the birds, insects, and landshells are almost identical with those found farther north. But if we
now cross over the narrow strait, about 50 miles wide, which separates
Florida from the Bahama Islands, we find ourselves in a totally dif-
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ferent country, surrounded by a vegetation which is essentially tropical
and generally identical with that of Cuba. The change is most striking, because there is no difference of climate, of soil, or apparently of
position, to account for it." (Island Life, 1880, p. 5.)
Let us examine this statement with some care to see if the facts warrant the assertions and conclusions of the author. But first let me
protest against Wallace's habit of contrasting insular faunas with those
of continuous land area, in his efforts to minimize the effects of climate.
In most cases the great majority of forms peculiar to an island have no
means of reaching the nearest continuous land, but in the present
instance, as will be shown later, the proximity of Cuba and the Bahamas
to Florida, favored by the direction of the Gulf Stream and the prevalence of hurricanes blowing from the Antilles to the peninsula, have
enabled a multitude of West Indian plants, insects, birds, and even
land shells to reach southern Florida, though the breadth of the strait
is an effective bar to the passage of terrestrial mammals and reptiles.
Wallace boldly tells us, without attempt at qualification, that "between frigid Canada and sub-tropical Florida there are less marked differences in the animal productions than between Florida and Cuba."
Frigid Canada, in eastern North America, is the home of the Eskimo,
polar bear, musk oxen, reindeer, lemmings, marmots, beavers, musk-rats,
porcupines, wolverines, sables, shrews, star-nosed moles, and several
other mammals, comprising in all twenty genera, not one of which
occurs in southern Florida.* Florida, on the other hand, is inhabited by
opossums, harvest-mice, rice-field mice, cotton rats, wood rats, pocket
gophers, gray foxes, spotted skunks, big-eared bats, and other forms,
representing thirteen genera and five families of mammals that do not
occur in frigid Canada. t In the case of birds, eastern Canada has
twenty-six genera that do not reach Florida, among which may be mentioned ptarmigans, grouse, rough-legged hawks, golden eagles, great
gray owls, snowy owls, Acadian owls, hawk owls, three-toed woodpeckers, Canada jays, pine bullfinches, cross-bills, linnets, snow buntings,
titlarks, winter wrens, kinglets, and stone chats,t while Florida has at
*The following twenty genera of mammals inhabit eastern Canada, but none of
them reach southern Florida: Rangifer, Alee, Ovibos, 1'amias, Spermophilus, Arctomys,
Castm·, Fiber, Arvicola, EL·otomys, Phenacomys, Myodes, Cttniculus, Zapus, E1·ethizon,
Thalarctos, Gu.lo, Mustela, Condylunt, Scapanns, Sorex.
t The following thirteen genera of mammals inhabit Florida, but none of them
reach u frigid Canada:" Didelphis, Reithrodontomys, Oryzornys, Sigmodon, Neotorna,
Geomys, Urocyon, Procyon, Spilogale, Corynorhinus, Nycticejus, Nyctinomus, Otopterns.
The five families are: Didelphidre, Geomyidre, Procyonidre, Ernballonur·idre, Phyllostornatidce.
t The following twenty-six genera of birds breed in eastern Canada, but none of
them in Florida: Dendragapus, Bonasa, Lag opus, Archibuteo, Aquila, Scotiaptex, Nyctala, Nyctea, Su1·nia, Picoides, Sphyrapicus, Perisorcus, Dolichonyx, Pinicola, Loxia,
Acanthis, Plect1·ophenax, Calcm·ius, Zonotrichia, Junco, Passerella, .Anthus, .Anorthura,
Certhia, Regulus, Saxioola.
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least thirty-seven genera that do not reach Canada, among which are
quails, turkeys, doves of several genera, vultures, caracaras, kites, barn
and burrowing owls, parrots, anis, ivory-billed woodpeckers, chuckwills-widows, cardinals, blue grosbeaks, yellow-breasted chats, mocking
birds, and others.*
Thirty out of the above thirty-seven genera breed also in the West
Indies.
No less than nine tropical American genera of birds inhabit the subtropical belt of Florida~ namely, Zenc~ida, Geotrygon, Starnmnas, Rostrhamus,Polyborus, Orotophaga, Eu.etheia, Oallichelidon, andGmreba. The
following Antillean species and sub-species occur in the same area and
are not known from any point farther north: Oolinus virginiamts
cubanensis, Columba leucoc.ephala, Zenaida zenaida, Geotrygon rmctrtinica,
Btarnmnas cyanocephala, Rostrhamus sociabilis, Falco dorminicensis,
Speotyto cunic~tla.ria jloridctna, Polybor~ts cheriway, Crotophaga ani,
Ooccyzus minor rnaynctrcli, Agelai~ts phmniceus bryanti, E1tetheia bicolor,
Euetheia canora, Progne cryptoleuca, Petrochelidon jlava, OalUchelidon
cyanoviridis, Vireo altiloquus barbatulus, Omreba bahamensis. In addition to these species, the following are restricted, so far as known, to
southern Florida: Meleagris gallopa,vo osceola, Ohordeiles virginianus
chapmani, Oyanocitta, cristata jlorincola, Ammotlramus nigrescens, Vireo
noveboracensis maynardi, Geothlypis trichas ignota, Thryothorus l~tdovi
cianus miamensis, Oistothor~ts marictnm, Sitta carolinensis atlcinsi.
That there are corresponding differences among insects is evident
from an important paper by Mr. E. A. Schwarz on the Insect Fauna of
semi-tropical Florida. Mr. Schwarz states: "I have come to the conclusion that it (the semi-tropical fauna of Florida) is entirely of West
- Indian origin, and that the region I shall hereafter circumscribe as
semi-tropical Florida does not contain any endemic forms. In other
words, the distinctive fauna of southern Florida is a permanent colony
of West Indian forms, much more numerous in species than it has
hitherto been supposed, the number in Coleoptera alone amounting,
according· to a very low estimate based upon my collection, to at least
three hundred species not yet in our catalogueg." (Entomologica
Arnvricana, IV, No. 9, 1888.) Since the above was published, Mr.
Schwarz has had the kindness to inform me that this semi-tropical
insect fauna of southern Florida comprises in all not less than one
thousand species of West Indian or Antillean insects (of which about
* The following thirty-seven genera of birds breed in Florida, but none of them
range north to "frigid Canada," though thirty out of the thirty-seven are known to
breed in the West Indies: Colinus, Meleag1·is, Columba, Zenaid·ura, Zenaida, Colwnbigallina, Geotrygon, Sta1·namas, Cathm·tes, CathaTista, Elanoides, Elanus, Ictinia, Rostrhamus, Polybor·us, Strix, Speotyto, Comu·us, Crotophaga, Campephilus, .Antrostonws,
.Aphelocoma, Icterus, Pe~wrea, PipHo, Cm·dinalis, Guimca, Euetheia, Cm·thiola, ProtorwtaTia, Helina·ia, Helmitherus, Ictel'ia, Mimns, Harporhynchus , Tlwyotlta1'us, Polioptila.
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half are Coleoptera), and fifty genera of Coleoptera and Heteroptera
alone;* hence the total number of genera must be very considerable.
Among the Mollusca, Dr. William H. Da.U informs me that twenty
species or specific types of Antillean land shells are known to inhabit
southern Florida; representing thirteen genera or sub-genera not found
farther north. t
So far as vegetation is concerned the case is even stronger, there
being upward of three hundred and :fifty genera of plants in Florida
that do not inhabit Canada; and Prof. Charles S. Sargent, in speaking
of the trees of southern Florida, states: -"A group of arborescent
species of West Indian origin occupies the narrow strip of coast and
islands of southern Florida.
This semitropical forest belt
reaches Cape Malabar on the east coast and th~ shores of Tampa Bay
on the west coast.
The species of which it is composed here
reach the extreme northern limit of their distribution; they are generally small, stunted, and of comparatively little value. Certain species
however attain respectable proportions: the mahogany, the mastic,
the royal palm, the mangrove, the sea grape, the Jamaica dog-wood,
the manchineel, and other species here become considerable and important trees." (Forests of North Arnerica, Tenth Census, 1884, p. 6.)
From what has been said, it appears not only that Wallace's statement that" between frigid Canada and sub-tropical Florida there are
less marked differences in the animal productions than between Florida
and Cuba" is wholly incorrect, but that there exists in Florida a wellmarked sub-tropical fauna and tlora consisting in the main ·( except in
the case of terrestrial mammals and reptiles which could not reach it)
of genera~ and largely of species, identical with those of Cuba. This
being the case, is it not fair to turn the tables and ask Wall ace what
constitutes the barrier that so effectually holds back hundreds of genera
and a multitude of species of Antillean or tropical American plants,
insects, land mollusks, and birds riow inhabiting sub-tropical Florida~
'" Mr. Schwarz has kindly given me the following list of families of Central
American Coleoptera, indicating the number of genera in each family known to
inhabit semitropical Florida, but not found elsewhere in North America: Carabi-dce,
2 genera; Phalac1·idm, 1; Coccinellidm, 1; Cucujidce, 1; Mycetophagidm 1; Elateridce,
1; Scarabwidm, 2; Cerambycidce, 5; Chrysornelidce, 4; Teneb·rioniclm, 3; Monommidm, 1;
Otim·hynchidce, 1; Cu1·mtlionidm~ 6; B1·enthidce, 1 [this is the only genus which reappears at Cape San Lucas]; Calancl?·idm, 3; Scolytidm, 3; .Authri.bidce, 2. He inform11
me also that 11 genera of tropical American Heteroptera have been found in the
same belt.
t The forms here referred to are: Str·obila hubba1·dii Brown; Helix cmca Helix
1)at'ians Mke.; Bulimulus multilincatus Say; Bulim·ulus dm·mani W. G. B.; Orthalicus
undat1ts Brug; Ligu~ts fasciatus Muller; Liguus fasciatus var. Stenogym gmcillima
Pfr.; Stenogyra subula Pfr.; Mae1·occmnms gossei Pfr.; Macrooeramus pontijicu.s Gld.
(also occurs in Texas); Strophia incana Binn.; Auricula pellucens Mke.; Tmlia minusettla Dall; Melampus ( Detmcia) bulloi(Zes Mont. ; Pedipes mirabais Muhlf.; Pedipes
elongatus Dall; Planorbis turnidns Pfr.; Sphcerium cubense Morelet.
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The deep arm of ocean between Florida and Cuba or the Bahamas has
proved ineffectual in checking their dispersions. What is the more
potent barrier that prevents their northward spread along the continuous land of the peninsula? The answer is summed up in the single
word climate. The temperature of the period of growth and reproduction in the northern parts of Cuba and the Bahamas is the same as in
sub-tropical Florida, but to the northward it falls off rapidly.
Hespecting Wallace's statement that the difference between the
faunas and floras of hot and cold countries ''is by no means constant,''
and does not bear "any proportion to difference of temperature," it
need only be said that no phenomenon of nature is more constant; and
that the differences observed depend directly upon temperature. President D. S. Jordan has said: "In many groups, anatomical characte.rs
are not more profound or of longer standing than are the adaptations
to heat and cold." (Popular Science Monthly,Aug.,1890,xxxvn, p. 506.)
That "life is distributed in circum-polar zones, which conform with
the climatic zones, though not always with the parallels of the geographer" is a law recognized by Humboldt, Wagner, Agassiz, Dana,
De Candolle, Allen, and nearly all writers on distribution except
Wallace. This law does not imply that the same species, genera, or
higher groups recur under the same degree of heat in disconnected
land areas-a manifest impossibility,-but that well-marked zones of
animal and plant life are encountered in all parts of the earth in passing from the poles to the tropics; that they owe their existence to constant differences of temperature, and that in continuous land areas
each zone may be traced completely across such areas (from ocean to
ocean in those of continental magnitude), following the windings of the
belts of equal temperature during the period of reproductive activity.
Wallace speaks thus of this law as formulated by Allen: "The
author (J. A. Allen) continually refers to the 'law of the distribution
of life in circum-polar zones,' as if it were one generally accepted and
that admits of no dispute. But this supposed' law' only applies to the
smallest detail of distribution-to the range and increasing or decreasing numbers of species as we pass from north to south, or the reverse;
while it has little bearing on the great features of zoological g·eography-the limitations of groups of genera and families to certain areas.''
( Geog. Dist. of Animals, 1876, vol. I, p. 67.) Mr. Allen bas already
pointed out the weakness of this criticism (Bull. U. S. Geol. and Geog.
Sttrvey Terr., May, 1878, vol. rv, No.2, 326), and I would like to add a
word respecting the extraordinary statement that circum-polar distribution affects species only, having "little bearing" on the "limitations
of groups of genera and families." In refutation of this fallacy it is
hardly necessary to do more than call attention to the circumstance
that the trans-continental Souoran region of North America is distinguished from the Boreal by the possession of seven families and thirty-
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four genera of mammals alone,* and the North American Tropical from
the Sonoran by ten families and upwards of fifty genera; while the
American Boreal differs from the Eurasian Boreal by the possession of
but a single family and only eight genera.
MOUNTAINS AS BARRIERS' TO DISPERSION.

Wallace makes the surprising statement that on the two sides of the
Rocky mountains in America ''almost all the mammalia, birds, and
insects are of distinct species,"t_:_a statement that is wholly untrue, as
has been long known to American naturalists. In another place he
makes the general statement that mountains, " when rising to a great
height in unbroken ranges, form an impassable barrier to many groups."
No instance of this kind is known in North America. Even in the high
Sierra in California nearly all of the families, genera, and species occur
on the east slope as well as on the west, notwithstanding the great altitude this lofty range maintains for a considerable distance.t The explanation of the similarity or identity of the species on the two sides of all
our mountain systems is that similar or identical climatic zones occur
on both sides, between which avenues of communication exist or have
existed by means of passes, either through the ranges themselves or at
one end or the other. In their continuity, however, lofty mountain
ranges do act as barriers to the spread of species from lower levels, but
they do so indirectly by their effects upon climate-by interposing an
arctic zone in which the species oflower latitudes can not live. On the
other hand, this same arctic-alpine climate enables many polar spec1es
to thrive in regions two or three thousand miles south of their normal
continental homes.
The great Himalaya has little or no influence in bringing about the
really enormous differences that exist between the fauuas and floras of
the plains on its two sides, for these dissimilarities are due primarily to
the great difference of temperature resulting from unequal base level,
the Thibetan plateau on the north being several thousand feet higher
than the plain on the south.'
THE SO-CALLED EASTERN, CENTRAL, AND WESTERN PROVINCES AND
THE EVIDENCE ON WHICH THEY ARE BASED.

Wallace, in common with most recent writers, divides the United
States into eastern, central, or Rocky mountain, and Pacific or Cali*These genera~are: Didelphis, Dicotyles, Cariacus, Antilocapra, Oynomys, Reitlllrodontomys, Onychumys, Oryzomys, Sigmodon, Neotoma, Geo1nys, Thonwmys, Dipoclomys,
Pm·odipus, Microdipoclops, Perognathns, Heteromys, Fez.is, Urocyon, Procyon, Bassm·iscus,
Taxidea, Conepatus, Mephitis, Spilogale, Notiosorex, Scalops, Cm·yn01·hinus, Eude1·mct,
Anf1·ozous, Nycticejus, Molossus, Nyctinomous, and Otopterus. Five of these genera
have each a species reaching a short distance into the southern edge of the Boreal
region, namely, Ca1·iacus, Neotoma, Felis, Procyon , and MeJJhitis.
t Geog. Dist. of Animals, 1876, 1, p. 6.
tFor 320 kilometers (200 miles) the Sierra Nevatla mountains maintain an elevation of 3,100 to 4,600 meters (12,000 to 15,000 feet).
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fornian ''sub-regions." He admits that the eastern division is characterized by but a single mammalian genus, namely, the star-nosed mole
( Oondy lura).
In characterizing the so-called central or Rocky mountain sub-region, be states that the prong-horned antelope, the mountain goat, tbe
the mountain sheep, and the prairie dog are peculiar to it, forgetti11g
that tLe antelope ranges from the Mexican plateau northward over the
Great plains and Great basin, and westward over much of California;
that the mountain goat inh· bits British Columbia and the Cascade
range as well as the Rocky mountains; that the mountain sheep is
common in the High Sierra in California and ranges northward to the
Arctic Circle in AlaRka; leaving the prairie dog as the only one confined to the region.
The Pacific or "Californian sub-region" he defines as "the comparatively narrow strip of country between the Sierra Nevada and the
Pad:fic. To the north it may include Vancouver's Island and the
southern part of British Columbia." Under the head of the mammalia
of this area, he enumerates eight genera as "not found in any other
part of the Nearctic region," namely, Mtwrotus, Antrozous, Urotrich~ts,
Neosorex, Ba.ssaris, Enhyd.r a, Mor~mgct, and Haploodon. A more erroneous statement could hardly be made. Of the two pelagic genera,
Morungcl and Enhydra [= Latax ], the former does not enter the region
at all and the latter barely reaches it; while of the non-pelagic genera
three, Macrotttts [ = Otopterus], Antrozous, and Bassaris [ = Bctssarismts], range over the Sonoran region from Texas and the Mexican
plateau across New Mexico, Arizona, and parts of southern Nevada
and California, and the sub-genus Neosorex occurs over pretty much
the whole of Boreal America from the Atlantic to the Pacific. The
two remaining genera only are confined to the Californian division,
namely, Urotrichus [ = Neurotrichus] and Haploodon [ =Aplodontia].
Both are isolated types, inhabiting the Pacific coast country from
northern California to British Columbia (the latter having no near relative in any part of the world, the former closely related to genera now
living in eastern Asia).
Hence it appears, so far as the mammalia are concerned, that these
three supposed primary subdivisions of North America rest upon a
miseonce]:rtion of fact, the Californian division possessing two peculiar
genera, and the eastern and central divisions but a single peculiar
genus each,-a quantity of difference it would be absurd to recognize
as of sufficient weight to warrant the erection of zoo-geographical
divisions.
In a communication already referred to (North American Fa,u na, No.
3, September, 1890) I stated the conclusion that the commonly accepted
division of the United States into eastern, middle, and western provinces had no existence in nature, and that "the whole of extra-tropical
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North .America (the Nearctic region of Sclater and Wallace) consist~ of
but two primary life regions; a boreal region, which is circumpolar,
and a Sonoran or Mexican table-land region, which is unique." The
so-called eastern province is mainly of Sonoran derivation, comprising
the humid divisions of the Lower Sonoran and Upper Sonoran zones
(Austro-riparian and Carolinian falmas), and of the transition or neutral
belt, commonly known among ornithologists as the Alleghanian fauna.
It contains also a southward extension of the boreal region along the
Appalachian mountain system, mainly in the form of isolated islands.
The so-called central region in like manner is made up of a southward
extension of the boreal region along the Rocky mountain plateau, inclosed
between two north ward prolongations of the arid Sonoran, the one
occupying the Great plains, the other the Great basin.
The so-called Pacific or western province consists of a southward
extension of the boreal region, which finally bifurcates, sending a long
arm south over the Cascade range and the Sierra Nevada, and a secondary and shorter arm along the Pacific coast, north of San Francisco,
together with a Sonoran element, which covers nearly the whole southern part of the state, and reaches north in the San Joaquin and Sacramento valleys.
P .A.L.A!J.A.RCTIC AND NE.A.RCTIC REGIONS.

It is no part of the purpose of the present address to discuss the
distribution of life outside of our own continent, but it so happens
that the Boreal element in America resembles that ofEurasiaso closely
that in the judgment of many eminent authorities the two constitute
but a single primary region, a view in which I heartily concur. This
arrangement is antagonistic to that proposed by Sclater *in 1857, and
adopted with slight modification by Wall ace. Sclater considers the
whole of extra-tropical North America as constituting a single region,
upon which he bestowed the name Nearctic, in contra-distinction to the
corresponding part of Eurasia, which he named Palcearctic, believing
the two to be distinct primary regions.
Wallace, the great champion of Sclater's Palmarctic and N earctic
regions, says of the former in his most recent work on geographic distribution: "Taking first the mammalia, we find this region is distinguished by its possession of the entire family of Talpidce or Moles, consisting of 8 genera and 16 species, all of which are confined to it, except
one, which is found in northwest America, and two which extend to
Assam and Formosa." (Island Life, 1880, 41.) How he could have
made such an erroneous statement is hard to understand, in view of
the well known fact that 3 genera of moles inhabit eastern North
America and 2 the Pacific coast region; and it is the more strange
* Journ. Linn. Soc. (Zool.) (for 1857), 1858, n, 130- 145; and agaiu, with some alterations, in Ibis, 1891, sixth series, nr, 514- 557.
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since on another page of the same work he states that there are three
peculiar genera of moles in North America.*
~
He states further: "Among carnivorous animals the lynxes (nine
species) and the badgers (two species) are peculiar to it [the Pal:£arctic
region] in the old world, while in the new the lynxes are found only in
the colder regions of North America" (Island Life, 1880, 41), thus
implying that there are no badgers inNorth America, and ignoring the
presence of lynxes all along the southern border of the United States
from Florida and Texas to southern California. Continuing, he mentions a number of groups which, he says, "have only a few species elsewhere." Among these are the "voles, dormice, and pikas." Pikas
inhabit the mountains of western Canada and range south in the Cascades and High Sierra to southern California, and in the Rocky Mountains to Colorado. They have been reported also from the high mountains of Lower California in :Mexico. The group of voles or Arvicolinm,
exclusive of the lemmings, is represented in Boreal North America by
not less than four genera, five sub-genera, and nearly fifty species. It
is only fair to add, however, that some of these have been described
since Wallace's book was written.
"The N earctic region is so similar to the Pal:£arctic in position and
climate," he admits, "and the two so closely approach each other at
Bering Strait that we can not wonder at their being a certain amount
of similarity between them,-a similarity which some naturalists have
so far over-estimated as to think that the two regions ought to be united."
After enumerating a number of mammals common to the two he goes
on to say: " We undoubtedly find a very close resemblance between
the two regions, and if this were all, we should have great difficulty in
separating them. But along with these we find another set of mammals, not quite so conspicuous but nevertheless very important. We
have first, three peculiar genera of moles, one of which, the star-nosed
mole, is a most extraordinary· creature, quite unlike anything else.
Then there are three genera of the weasel family, including the wellknown skunk (Mephitis), aU quite different from eastern forms. Then
we come to a peculiar family of carnivora, the raccoons, very distinct
from anything in Europe or Asia; and in the Rocky Mountains we find
the prong-horned antelope (Antilocap1·a) and the mountain goat of the
trappers (Aplocerus [=Mazama]), both peculiar genera. Coming to
the rodents, we find that the mice of America differ in some dental
peculiarities from those of the rest of the world, and thus form several
* In his earlier work he says: "Condylura (one species), the star-nosed mole, inhabits eastern North America from Nova Scotia to Pennsylvania; Scapam1s (two
species) ranges across from New York to San Francisco; Scalops (three species), the
shrew moles, range from Mexico to the Great Lakes. - - - Urot1·ichns is a shrewlike mole which inhabits Japan, and a second species has b een discovered in the
mountains of British Columbia." ( Geog. Dist. of Animals, 1876, u , 190.)
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distinct genera; the jumping mouse (Xctpus [ =Zapus]) is a peculiar
form of the jerboa family; and then we come to the pouched rats ( Geo?nyiilce), a very curious family consisting of four genera and nineteen
species, peculiar to North America, though not confined to the Nearctic region. The prairie dogs ( Oynmnys), the tree porcupine (Erethizon),
the curious scwellel (Haploodon [ =Aplodontia]), and the opossum
(Didelphis) complete the list of peculiar mammalia which distinguish
the northern region of the New World from that of the Old." (Islcmd
Life, p. 48.)
As already shown in an earlier part of the present essay, most of
these genera and several of the families belong to the austral or
Sonoran region and have no place in the Boreal fauna--the only one
that can be compared with the fauna of northern Eurasia. As a matter of fac.t, eighty-one genera of non-pelagic mammals are now recognized in ''extra-tropical'' North America-the so-called N earctic region.
Of this number forty-one are found in no other part of the world.*
These genera are enumerated in the following table, which brings out
the important fact that no less than thirty-two, or 78 per cent, are of
Sonoran or austral origin, while only nine, or 22 per cent, are of Boreal
ong1n. Of these nine genera now confined to North America, Ovibos
inhabited polar Eurasia in Pleistocene times; N mtrotrichttts is not recognized by Flower and Lydekker as more than sub-generically separable
from Urotrich1ts of Japan, and Synaptomys is not known except from
the Transition zone of the United States and is hero classed as Boreal
because of its close relationship to the trans-continental Boreal genus
Myodes. Omitting these three, Boreal North America has but six
genera of mammals not known from Boreal Eurasia.
Peculia1· genm·ct of rna1mnals inhabiting North .Anwricct 1w1·th of Mexico.
OF BOREAL ORIGIN.

Mazama.
Ovibos.
Aplodontia.

Cariacus.
Autilocapra.
Cynomys.
Reitbrodontomys.
Sitomys.
Oryzomys.
Ouychomys.
Sigmoclon.

Fiber.
Synaptumys.

Zapus.
Eretbizon.

Ol!~

SONORAN ORIGIN.

Neotoma.
Tbomomys.
Geomys.
Dipoclomys.
Peroclipus.
Microdipodops.
Perognathus.
Heterornys.

Urocyon.
Bassariscus.
Taxidea.
Conepatus.
Mephitis.
Spilogale.
N otiosorex.
Scalops.

N eurotricbus.
Conely lura.

Scapanus.
Blarina.
Antrozous.
Nycticej us.
Otopterus.
Corynorbiuus.
Euderma.
Atalapba.

*The intrusiye genera Didelphis, Tatusia, Dicotyles, Procyon, Rasna, anu Molossus,
which arc clearly of South American origin, me not here included.
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On the other hand, out of the thirty-one Boreal genera of :North American mammals the following, twenty-four genera or 77 per cent, are common to Boreal America and Boreal Eurasia:
Cervus.
Rangfer.
Alee.
Ovis.
Bison.
Tamias.

Aretomys.
Castor.
Phenacomys.
Evotomys.
Arvicola.
Myodes.

Cuniculus.
Lagomys.
Vulpes.
Ursus.
Thalarctos.
La tax.

Lutreola.
Putorius.
Mus tela.
Gulo.
Sorex.
Urotrichus. *

In addition to the foregoing genera, which are clearly of Boreal origin, the following twelve genera of more extended range are also common to the two continents:
Sciuropterus.
Sciurus.
Spermophilus.

Lepus.
Canis.
Lutra.

Felis.
Lynx.
Vesperugo.

V espertilio.
Plecotus.t
Nyctinomus.

Most of these genera are known to be of great antiquity, their remains
having been found in Miocene strata, and it is probable that the others
belong to the same category, but have thus far escaped detection, owing
to their very small size. All of them attain their maximum development
and numbers in the Sonor an region in America and the analogue of the
Sonoran in Eurasia; but by reason of the great length of time that has
elapsed since they came into existence some of their representatives
have become acclimated to a wide range of climatic conditions.
Dr. John L. LeConte, in his report on the Coleoptera of Lake Superior, said: "The entomologist can not fail to be struck with two very
remarkable characters displayed by the insect fauna of these northern
regions. First, the entire absence of all those groups which are peculiar
to the American continent [i.e., Sonoran and Tropical groups].
The few new genera which I have ventured to establish are not to be
regarded as exceptions. They are all closely allied to European forms,
and by no means members of groups exclusively American.
''Secondly, the deficiency caused by the disappearance of characteristic forms is obviated by a large increase of the members of genera
feebly represented in the more temperate regions, and also by the introduction of many genera heretofore regarded as confined to the northern
part of Europe and Asia. Among these latter are many species which
can be distinguished from their foreign analogues only by the most
careful examination. This parallelism is sometimes most exact, run* As stated above, Flower and Lydekker do not recognize the American animal as
generically distinct from Ut·otrichus. While I agree with Dobson in according it
generic rank, it is convenient, in studying the origin of groups: to bring together
such closely relatecl types.
•
t The American species of Plecotus are separated generally by Dr. Harrison Allen
under the name CorynoThinns, which is adopted by the writer. The more comprehensive name Pleootus is here used for the reason just stated lUtder Ut·ot1·ioh·us.
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ning not merely through the genera, but even through the respective
species of which they are composed." (Lake S~tperior, 1850, 239, 240.)
W. F. Kirby, in a paper "On the Geographical Distribution of the
Diurnal Lepidoptera as compared with that of Birds," states: "Had I
been dealing with Lepidoptera only, I would certainly have united Dr.
Sclater's 'Palrnarctic region ' and 'Nearctic region;' for although the
species of North American Rhopalocera are seldom identical with those
of northern Asia and Europe, still the genera are the same with scarcely
an exception, except a few representatives of South American genera,
which have no more right to be considered Nearctic species than the
similar chance representatives of African forms in north Africa or
southwest Europe, or of Indian forms in southeast Europe have to be
considered Palrnarctic species." (J ourn. Linnean Soc., London, Zool.,
1873, 432.)
It now becomes evident that the so-called Palm arctic and N earctic
regions are the result, in each case, of confounding and combining two
wholly distinct regiom;-the Boreal with the Sonoran in America and the
Boreal with the analogue of the Sonoran in Eurasia. Eliminating these
austral elements as wholly foreign to the region to which they have been
so persistently attached, there remains a single great circum-polar
Boreal region characterized by a remarkably homogeneous fauna, covering the northern parts of America and Eurasia.
Cope has shown that the chief differences between Boreal America
and Boreal Eurasia are found among the fishes and batrachians,-animals living wholly or in part in water. Now, it can not be insisted too
strongly that while the chief factor in the distribution of aquatic animals
and plants is temperature, as has been long acknowledged, yet from
the very nature of the case the resulting life regions must be different,
the one supplementing or being the complement of the other; for, water
being the medium in which the species live, the bodies of water with
their prolongations and extensions, as bays, rivers, and lakes, must be
studied as entities, just as we study a continent with its peninsulas and
outlying islands, the means of access to a given body of water being
the principal factor in determining the water area to which its aquatic
life belongs. And it should be remarked that aquatic mammals (as
seals and cetaceans), and aquatic birds (as ducks and gulls), conform
in the main to the laws and areas of aquatic distribution, and should
not be taken into account in studying the distribution of terrestrial
forms of life.
Gill has said with much truth: " There appears to be a total want of
correlation between the inland and marine faunas, and a positive incongruity, and even contrast, between the two." (Proc. Biol. Soc. lVash.,
1884, n, 32.)
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REGIONS SHOULD BE ES-

TABLISHED.

Wallace, in writing of the principles on which zoOlogical regions
should be formed, expresses the opinion that" convenience, intelligibility, and custom should largely guide us." But I quite agree with
America's most distinguished and philosophic writer on distribution,
Dr. J. A. Allen, that in marking oft' the life regions and sub-regions of
the earth, truth should not be sacrificed to convenience; and I see no
reason why a homogeneous circum-polar fauna of great geographic
extent should be split up into primary regions possessing comparatively
few peculiar types simply because a water separation happens to exist
in the present geologic period; nor is it evident why one of the resulting feeble divisions should be granted higher rank than a region of
much less geographic extent comprising several times as many peculiar
types. Hence the divisions here recognized, and the rank assigned
them, are based as far as possible upon the relative numbers of distinctive types of mammals, birds, reptiles, and plants they contain, with
due reference to the steady multiplication of species, genera, and higher
groups from the poles toward the tropics. Mammals have been chiefly
used as illustrations because they answer the purpose better than any
other single group, and because it is clearly·impossible in a brief essay
of this character to enumerate such a multitude of forms as would be
necessary were equal consideration accorded to each class.

THE CORBIN GAME PARK.*

By

JOHN

R.

SPEARS.

I.
Here is an .;nteresting study in human nature; a picture of the inception and growth of an enterprise of great moment to the naturalist and
the sportsman, and of interest to everyone. Six years ago a friend
presented to Austin Corbin, the well-known railroad man, a few young
deer. Mr Corbin accepted them, and having a great country seat that
included many acres of woods as well as cleared fields out on Long
Island, he caused a part of the woods to be suitably fenced, and turned
the deer into the inclosure. Mr. Corbin, at that time, was neither a
sportsman nor a naturalist, in the sense in which these terms are generalJy understood. He had no especial interest in wild animals of any
kind. Nevertheless, as a lad he had lived on a farm in New Hampshire,
among the foothills of the White Mountains, and had trapped woodchucks, and shot partridges and chased foxes, and the good healthy
delights of those days lingered in his memory. Small wonder then that
the gentle pets his friend had given to him won tbeit way into his affections from the moment they became his. It was a new pleasure-something he had never known before,-to go and watch their graceful
motions and gaze upon the beauty of their forms. Moreover, Mr. Corbin
had a son, and Austin junior was as much delighted with the pets as
his father.
There was ample room on the Long Island farm for more than the
few deer, and the Oorbins decided that more should be had. This led
to the examination of sundry books on the subject of deer culture, if one
may use the term, books like Judge Caton's, for instance, while the
Forest a,n d Stream, and other periodicals were necessarily read regularly. Certainly the love of nature grows with what it feeds upon, if
any emotion of the heart does. If deer could be kept, why not deer's
cousins, the elk, the moose, the antelope, and the bufi'alo,-especially
the bufi'alo?
* From Forest and St1·eam, for March 12J 1891, and May 26, 1892.
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1\{r. Uorbin bad liYed in Iowa when a young man, and in the days
when the herds of buffalo on the plains of Nebraska, Kansas, and Texas
numbered untold thousands. It was a great pity that such noble animals were likely to become extinct, and the Corbins determined to join
in the effort to perpetuate the species. They had begun with a few
deer, and they added the elk, the antelope, and the buffalo, and then
it became apparent that the Long Island estate was too small for the
proper care of these animals, or at least for the care which the owners
desired to give them.
It is to be particularly noticed that the Long Island estate was not
suited to the sort of care that the Corbins wished the animals to have.
From caring for the few pets had grown the desire to rear herds of
these animals under such conditions of freedom as would leave them
with all their natural characteristics. A pet deer was beautiful, but
it was not the deer of the wild woods after all. A pure bred buffalo
in a barn-yard was in fact a buffalo, but he was too much like a Durham bull to be perfectly satisfactory. On the Long Island farm the
animals could scarcely become anything more than pets.
So the thoughts of the elder Corbin went back to the clays of his
youth and the foothills of the White Mountains. As most of our readers know, there is plenty of land in New Hampshire that is just as
wild now as it was when Hudson first looked on the ground where the
statue of liberty now stands. There was a deal of it in Sullivan Couuty,
perhaps not the wHdest in the State, but certainly a plenty of unbroken
forest that covered hills and valleys and surrounded little lakes, forests of birch and beech, and maple and pine, and spruce and hemlock,
and balsam,-forests beautiful and fragrant enough to give a city man
the heartache when he thinks of them.
Mr. Corbin determined to buy from 20,000 to 30,000 acres of these
hills and valleys and there establish a park for his new-found fourfooted friends in which they would find the conditions as near those as
possible to which they were best suited. Mr. Corbin eventually got
22,000 acres in one tract.
The next thing was to fence it, and only those who have tried building elk-tight fences can appreciate the job. Here was a tract of over
35 square miles of land to inclose. They started out with a wire net 6
feet high, secured to stout posts 10 feet apart. Above the net they
strung ten lines of barbed wire, and that made a right good fence.
But when 18 miles had been erected they abandoned the wire net and
used barbed wire only for the rest of the way. That was cheaper and
just as good. It is not uninteresting to note that the fencing cost
$74,000.
In all, nine gates are to be placed in this fence, with a keeper's lodge
at each gate, something made necessary by the presence in ~very community of the skulking lout who will steal or destroy the property of
the well-to-do, and especially such property as this fence will inclose.
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Mr. Corbin is sure his park will not in any way interfere with the
rights of legitimate sportsmen.
Here is this tract of woodland with only enough cleared land on it
to afi'ord meadows over which the animals would like to wander at
times, are gathered 25 buffalo, 60 elk, over 70 deer, half a dozen each
of caribou and antelope, 18 wild boars imported from Germany, and an
unknown number of moose,-perhaps a ctozen. He had 4 reindeer
brought from Labrador, but all died. He expects to have a community
of beavers, for the lakes and streams of the park are admirably adapted
f'or these beautiful animals.
Quite as interesting as any description of the park and its inhabitants is the story of the gathering of the specimens. It is too long to
tell in full, but room remains for enough. The agent employed to
gather a large part of the animals from Canada was Thomas H. Hyan,
who has served Mr. Corbin in a number of capacities for the past twelve
years. Along in October last Mr. Ryan was commissioned to go to
Canada to see what could be done about getting "any wild animals
there except bears, panthers, wolves, and foxes."
At Sherbrooke he met a friendly newspaper man who said one Dan.
Ball, of Megantic, knew all about the deer of that country, and so to
Megantic posted Mr. Ryan. He met Ball and found him able and
willing to get the deer.
Mr. Ryan went ·50 miles to North Bay, 200 miles west~ and from there
to Mattawa, on the verge of a region where moose abound, deer are
plentiful, and beaver pol:lsible to obtain alive. A contract was made
with a trapper, whose name Mr. Ryan does not wish to mention, for a
supply of all these animals-at least twenty of each if that number be
possible.
Meantime Dan Ball had gone to work at Megantic by selecting a few
friends and looking over the woods to see where the deer were yarding. Along in December the snow became 5 feet deep in the woods,
and Dan knew of one yard where at least 300 deer were gathered
together.
Then he and six others went on snowshoes, with buckskin thongs,
and one gun loaded with powder only. Locating a bunch of deer in a
thicket, six of the men crept up as near as possible to the leeward without alarming them. Then the seventh came tearing down with the
wind and with-a wild yell and the discharge of the gun scattered the
bunch like a flock quails before a cur pup. Some of the fleeing beauties
plumped into the snow, that was so deep anll so fluffy that they sank
out of sight at the first struggle, nor could they escape till Dan aud
his friends kindly lmtt a hand .. In all a dozen were captured thus, and
with legs bound with soft leather thongs were carried to an old shanty
in the woods some distance from Megantic.
In January Mr. Hyan went away to bring the deer to the park in
New Hampshire. Megan tic is on the Canadian Pacific road. A box
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car was sent to a siding formerly used by a lumber mill, and there carpeted with hay, straw, and a good supply of browse. The ends were
then partitioned off from the space between the doors by means of
poles, and within the spaces thus formed the deer were placed, being
simply lifted in. T~y had been kept in the meantime in the old mill
unbound.
With Dan Ball to look after and especially to water the deer the car
was hauled to Newport, V t., the location of the United States customs
office.
The deer were passed duty free, and were sent on to Newport, N.H.,
by the way of Concord, nearly 100 miles farther than necessary. The
extra ride proved disastrous, for one deer died en route, and two after
arrival. The nine are now as well and frisky as when in their native
forests.
The buffalo in the park came originally from Montana, but were
purchased of a Minnesota man. The moose, elk, and caribou came
from Minnesota also, and were captured along the Canadian border.
Among the interesting experiences in the transportation of the
animals for this park may be mentioned these: Moose have been carried 2,000 miles in four days without apparent injury. The last consignment included sixteen moose, three deer, and one caribou. All
arrived in good condition, but eight moose died after,wards, because, it
is thought, of the change in their diet or water, or both. On one
occasion when thirty deer were en route, a collision with another train
killed twenty-two of them outright, and four more died afterwards.
It is noticed that the largest deer most easily succumb to railroad
travel. None of the animals ever eat or sleep while the car is in
motion. On a side track they will eat a 'little. There seems to be
more danger of their suffering from heat in a box car than from cold,
but the worst trouble is in the jerking to and fro of the car when the
train is stopping or starting. They are fed barley, corn, bran, and
hay. In the woods they are expected to live as they would naturally,
but places will be established where feed will be left for them, so that
none shall lack.
Beginning with a few pet deer in a paddock, the Corbins now have
a private zoological garden where, if at any such place in the world,
the animals on hand can be seen and studied under natural conditions.
\Vhat it will be in the future Mr. Corbin can not say, but that he will,
as fast as convenient to do so, add all the animals of the world that
can live there harmoniously need not be doubted. His outlay up to
the completing of the park is not far from $400,000. Some of his
friends say he is likely to spend half as much more on it and make of
it a place to fairly delight the naturalist. They say that the work of
Judge Caton will be supplemented and added to, by that to be done at
the Corbin park, to the great benefit of all investigators into the habits
of wild animals.
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II.
In the issue of March 12, 1891, we published a very interesting account of Mr. Austin Corbin's game park in New Hampshire, telling
how Mr. Corbin was led into the enterprise, and also giving an account
of how the first animals used in stocking the park were secured. Since
then we have obtained the following information of the present state
of affairs in the park, chiefly in relation to the breeding of the animals
in their new environment-it can hardly be called captivity, when
the animals are at liberty to wander at their own sweet will over 28,000
acres of woodland, hill, and valley.
In this respect of breeding the park has proved a great success. All
the animals seem to take kindly to their new surroundings, and
already their numbers are being materially increased by births. Of
the tweuty-two buffalo which ·w ere put in about a year ago, eight of
the cows are now in calf, and two young have been added to the herd.
The elk, which bred to a limited extent on Mr. Corbin's Long Island
estate, have found their mountainous New Hampshire home more to
their liking, and have already increased 50 per cent. Next to the elk
the most accurate count has been kept of the moose, who, unlike- their
gregarious brethren, go in pairs during the rutting season. It was at
first feared that these unusually retiring animals would not breed in
the park, but it has been ascertained that six of the cows are now with
calf. There are upward of sixty moose in the park and they make a
much wider range in travelling than the elk, which keep pretty well to
one locali~y where there is considerable brush and small growth, and
no doubt abundant feed.
The ag~nt who was instrumental in securing for Mr. Corbin the first
denizens of the pa1·k has the head of a particularly fine moose in his
possession. The unmounted head weighed 300 pounds, and the horns,
which show eleven points, have a span of about 5 feet. This head was
bought of an Indian in Mattawa, and is said to be the last green head
taken out of Ontario previous to the passing of the law forbidding the
killing of moose.
To come back to figures, the wild boars, imported from Germany
September a year ago, have been seen a number of times lately. They
have evidently gained by natural increase, and must be quick travellers, as three or four herds have been reported in different localities
at nearly the same time by the game-keepers. The old animals have
grown considerably, and are wonderfully :fleet of foot, for unlike their
cousin, the domestic hog, they do not fatten. As far as can be ascertained, all the other animals, including the several varieties of deer,
have multiplied considerably, and their change of habitat and the fact
that the big fence occasionally checks their extended wanderings, does
not seem to cast any blight on the even tenor of their lives.
Included in the park are two ponds of 20 and 30 acres, respectively,
and probably 100 miles of streams. The ponds were cleaned out last
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year and many eels and other varieties of cannibalistic fish destroyed,
and now the ponds and 8treams are all stocked with trout.
While in London, two years since, Mr. Corbin purchased 20,000 hawthorn trees. Four thousand of these have been planted this spring.
They are for the purpose of forming a hedge
strong enough to prevent the lm:ffalo and
other large animals from
getting out. This tree,
of which there are two
varieties, the white and
black, is used very extensively for inclosing·
~ the game parks of Engp:: land and France. It
grows from 8 to 10 feet
~
0 in height, and is the
z toughest and strongest
C5
3 tree that can be found,
~ making, with its inter~ locking
and
elastic
.~ branches, a hedge that
.§ would resist a battering
$: :; ram.
The trees are
E
being
planted
inside the
0
~ big fence of barbed and
>I woven wire, and will
eventually take its place
,...;
c!i when the latter becomes
~ weakened through rust
and exposure.
There will be no bunting in the park at present, though in future
years, when the animals
have multiplied beyond
the resources of their domain, it is possible that
Mr. Corbin may adopt
this means of thinning
them out. It is sufficient to say that the park is not designed for hunting. Similarly, it is not primarily intended for scientific research into
the habits, breeding, etc., of the various animals, though it is safe to
say that it would yield rich returns in this direction.
Q;l

Q;l
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The development of Mr. Corbin's game park enterprise is being
watched with decided iutere~t by svortsmen and naturalists. It happens that the present article has been prepared just in time to supply
additional information on the subject sought by the directors of the
new National Zoological Garden in Washington. Success in New
Hampshire, when it shall have been demonstrated beyond the peradventure of a doubt, will prompt similar enterprises in other parts of
the country. While much interest is felt in the introduction of foreign
species, Americans are naturally most concerned with the successful
conservation of bands of American big game, the elk and the antelope
and the· buffalo. Of the unfamiliar picture these great animals present,
grouped on a New Hampshire hilltop, our cut, from a photograph,
gives excellent illustration. May these wild creatures yet feed on a
thousand hills of the New England and other Eastern States, and on
the game preserves of the west!
Besides the great New Hampshire park, Mr. Corbin has two other
game preserves. On his Long Island estate hA now has 21 elk and
about 18 deer, and at Manhattan Beach he has 25 elk. At the latter
place he has 10 acres inclosed with an open wire fence. There will
soon be dug here a large pond, which will be :filled with salt water from
the tides of Sheepshead Bay. In this pond are to be a dozen seals and
10 sea lions. The former are now on their way from St. Johns, Newfoundland, and the latter are making their long journey from the Pacific coast. Later in the summer a number of other animals will be
added to the inclosure.

THE HOME OF THE TROGLODYTES.*

By E. T.

HA.l\IY.

The ancients had a vague knowledge of a people inhabiting certain
districts of northern Africa, who were remarkable for the custom,
which they had in common, of making their habitations in the depths
of the earth. These were the Troglodytes.
A portion of the sea-coast of Erythrrnmn Mare (Red Sea) owed the
name of Troglodytic Ethiopia to certain of these barbarians; others
occupied a territory adjacent to the mountains which rise in the southern part of Fezzan, while others, much fartlJer to the west, inhabited
an undulating region in which there is recognized the chain which surrounds the lower extremity of Little Syria.
The accounts of these curious people, as given by ancient writers,
a] ways represent them as constructing their dwellings under ground;
as being hunters of such activity and skill that they take their game
while in pursuit, living for the most part however on the flesh of
serpents and lizards. They are described as being poor and indifferent
- to their ow11 interests, having no trade except in carbuncles, for which
however they were merely agents. Their language differed entirely
from that of any other people, it being compared by Herodotus to the
strident cry of the bat.
These summary accounts, incoherent and sometimes fantastic, have
had the effect of rendering most modern historians of African geography incredulous as to their truth. These extraordinary beings have
been ordinarily banished to a world of the imagination, the species of
whom antiquity has so largely multiplied even to the confines of known
countries. Reliable travellers came however in their turn to discover
in the very same regions where the ancients had located their Troglodytes, important tribes, living like tllem in subterranean abodes, natural
or artificial.
The English Captain Lyons described in 1821, during a four days'
march to the southwest of Tripoli, through a <listrict mentioned by
"Read at the annual pnblic meeting of the five Academies of the Institute of
October 24, 1891. (From L' Anth1·opolog·ie, Sept.-Oct., 1891; vol. n, pp.
529-536.)
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Pomponius Mela and by Pliny, a certain village of Beni-Abbas, deeply
hollowed out of the sandy clay or calcareous rock. The French Consul
Delaporte, the Egyptian Sheik, Mohammed-Ibn-Omar-el-Tounsy, and
others, in confirming this discovery have generalized it to the entire
region of Gharian.
In 1869, Nachtigal found hidden in the valley of Tao, in the heart of
Thibet, the caves of the Toubous, direct descendants of the Ethiopian
Troglodytes, whom Herodotus represented as the victims of the Garamantes, the ancient inhabitants of Fezzan. Thirty years later our
soldiers, penetrating into the massive mountains which rise to the
southwest of Gabes, and at Douirat and N efou<;a are connected with
Gha.r ian, came upon a dozen villages excavated from the ancient alluvium of the plateaus of Matmata and Toujane, containing as many as
4,000 inhabitants. Distinguished officers, such as the commander,
Rebillet; learned naturalists, like Letourneux, have since that time
visited this country, and I, in my turn, have traversed it in the course
of a voyage of inquiry.* If I saw few serpents and lizards, and still
fewer carbuncles in the clark dwellings of Matmata, of Hadeje, or of
Beni-Zelten; if I did not hear proceed from the mouth of the Caliphs,
who received me so cordially, the strident tones which the historians
and classical geographers have ascribed to their ancestors, I have at
least been able to make some observations which are of a nature to
throw light upon the interpretations of certain passages in the writers
of antiquity. I gathered at the same time new data for the study of
those ethical survivals, which day by day are playing a more important
part in history and anthropology.
I.

The journey from the coast of Syria to the interior valleys peopled
. by the Troglodytes is a short but rough one. It is necessary to cross
the ariel and stony desert of Araad, then to make the painful ascent
of the bed of one of the clried-u_p torrents, which has worn its way
through the steep cliff of Mount Demer.
The approach to these subterranean villages is most accessible from
the west. In ascending the acropolises of Zenatia, the contrast between
the characteristics of these two neighboring tribes is strikingly evident.
They belong to the same ethnic group, but each is faithfully devoted to
its own traditional customs. The Zenati construct their villages according to the architectural rules which governed the builders of the ancient
Berber cities, ruins of which I have found in central Tunis, between
Dar-el-Bey and Kairouan. They are in reality intrenched camps,
formed by walls of bare stones, with occasional openings, surmounted
in the rear by other walls, parallel and strengthened by semi-circular
turns, which protect the entrance to the lanes. The Matmati, on the
*I had for a travelling companion the engineer, Monsieur J. E. de la Croix, who
was studying the geology of the region.
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contrary, like the ancient Troglodytes, excavate their dwellings, scattered here and there without order, from the compact allivium which
the rains have long since formed in the depressions of the valley.
To the rear are the rocky summits where rise tile somber Zenatian
redoubts, Tamezret, Zeraoua, etc., while in front is the open, undulating
valley where there is nothing, at :first sight, to reveal the presence of
man.· A narrow neck, guarded by a small fort of rough stones, marks
the limit of the two territories. The descent is made slowly by a steep
inclination following a ravine which has long since been worn by the
floods. The hardness and depth of the slimy bank suggest to the unprejudiced mind the possibility of here digging out one's habitation.
It is a continuous descent; the valley broadens, the horizon becomes
visible, a vast extent of land is gradually perceived, and not a sound,
not a movement to suggest the approach to a populous village. Below
there however to the right is the Gelaa Matmata, which appears to
the eye with its abrupt descent and its extensive terrace like a natural
fortress, where, many a time during the course of a turbulent history,
the natives have found a refuge. To the left is the west Matmata, outlining the yellowish course of its dried bed, clotted here and there with
stattered olive trees. Matmata Bled Kebira, the large town of Matmatia, is in truth at our feet without our having perceived it. Let us
approach. Traces of its presence become gradually apparent. Elevations and corresponding depressions in the land become clea,r ly defined,
and the white Koubba oftheMohammedanpriest, Sicla-Mouga appears
at the tnrning of the footpath informing us that these ancient people,
with their strange manners, whom we wish to approach, have submitted
to the destructive influence of Islam, and have in consequence preserved only a few of those valuable survivals which we are so desirous
of studying.
In Egypt, among the wretched dwellings in mutilated pyramids, and
in the double dovecots which remind one of the old Pylons; in the
acropolises of Zenatia at Gharian and Kabylie, iu a word, over the
whole of northern Africa, the J[oubba of the priest, the minaret of the
mosque, symbols oftriumphant JVIobammedauism, strikethearchmologist
and ethnologist as something abnormal, and I may say entirely out
of place. These rural constructions, unsightly in themselves, and incongruous when placed side by side with those of the natives, in the
midt-;t of which they are conspicuous on account of their form and color,
disturb the harmony of the landscape, recalling at the same time the
cruel struggles, by fire and arms, for conquest and conversion to the
religion of the conquerers. The abrupt cliffs of Mount Demer were not
able to arrest the Hillalien ( ~) invasion, and Matmati, the Troglodyte,
has been since then a good Mussulman.
Two other Koubbas appear; then a square white house, the abode of
the religious chief, then the dar· of the civil and military chief, the
Caliph Ali-Ould-Ka'id-Ahmed.
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- This dar is composed of five parallel chambers in masonry, which,
beyond the first glance, are not Troglodytic in character. A small
quantity of loose earth has been carried for appearance sake onto the
terrace which surmounts the structure. In this detail the residence of
Ali-Berber in style although strongly Arabized-is that of the great
semi-sedentary chiefs, which one meets with more especially in the
interior of Tunis.
One of the last surface structures is an old cistern, of which the
partially demolisheJ. arches bring to miml, by their form and construction, those of Malga, at Carthage.
The remainder of the village, which extends over 4 kilometers and
contains more than 2,000 inhabitants, is entirely under-ground. The
dar even, which shelters us, covers a vast cave, descent into which is
made by a semi-circular declivity. It is a part of the dwelling of the
ancient chiefs, constructed, Ali informs us, in the time of the Romans,
which, to the good Caliph, seemed to stand for the most remote period.
The excavators who executed this ancient work had to penetrate first
through the calcareous clay, which forms the soil of the whole valley;
then through a pebbly conglomerate, and finally through a quarry of
hard millstone, which forms the floor of the grotto. A second excavation, of more recent origin, is dug out of the clay a Httle higher and to
the right of the first. This serves as a stable for the horses of Ali.
Dwellings, stables, cattle sheds, workshops, and factories, everything
in the village of Matmatia, are likewise excavated from the clay. In
one instance the descent is made, as in the caves of the abode of the
Caliphs, by means of an incline more or less perpendicular, and lighted
from without; in another it is necessary to seek an entrance through a
tunnel, which terminates, after several windings, in an interior court,
more or less regular and lighted from above at the summit of the alluvial peak of the elevation from which the dwelling has been dug.
A little factory, which we can enter, gives a good idea of the manner
in which work is carried on by tradition among the excavators of Matmatia. It is an oil factory, composed of three compartments, the first
of whicl1 commands the other two and is lighted by an arched door, to
which a straight flight of steps gives access. The two deep chambers
remain unfinished, a wall, consisting of a mass of earth, dividing one
from the other. The interior was dug out with a pick-axe, forming
arches, and there remain cubes sufficiently large to support the center.
The largest room contained the mill and its accessories, resembling
closely the apparatus used all over the Berber states.
The entrance to this primitive factory is ornamented with a row of
uncemented stones around the aperture forming the entrance. The detail of this ornamentation recalls the custom among ancient builders of
covering the front of their subterranean dwellings with a faeingof stones,
in more or less regular lines. Not far from the dar, a sort of palace (belonging to a very remote period and for the most part in ruins, where I
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have been able to make some researches,) contains in its interior court
fagades, completely provided with walls where deep vaulted chambers
open on two elevations. The dwelling of the chief, the stables, and the
cattle-sheds formerly occupied the ground floor. The soulcs or storerooms were constructed in stories, to climb to which one clings to large
stones jutting out from the wall.
If the fa<;ade presents an ornamentation of stones, nothing is seen in
the interior but calcareous rock and a sort of loam, still showing the
ridges made by the irregular strokes of the pick-axe of the ancient
builder. Neither stone, wood, nor iron appears, only the soil of a reddish or yellowish gray, dry and hard, in which rare snail shells are found
here and there. If a ring, upon which to hang a lamp or to which to
fasten a horse's halter is required, these shells are utilized, being placed
in the most convenient and conspicuous point in the room or stable.
Niches take the place of cupboards, and benches along the side wall
serve as beds and chairs.
These apartments, like all the others which we saw among the Troglodytes, are quite regularly vaulted, although the arches are keel-shaped,
the sides being slightly curved and the extremities perceptibly drawn
together. We al'e reminded of an old boat, turned upside down,rkeel
in air, lying upon the sea-shore, under which the poor gatherer or waif
may find a shelter.
In thus recognizing nautical forms in the most essential lines of the
architecture of the Troglodytes, I suddenly recollect the rustic habitations (mapalia) of which Sallust speaks in the eighteenth cb,apter
of his classical work on the Jugurthan war. In summing up the traditions of the Province, which he governed, and which he must have
thoroughly known, he mentions the death of Hercules, and the dispersion of his army composed of various nations. Medes, Persians, Armenians crossed over to Africa in their ships and occupied the seacoast.
The Persians are the most remote from the ocean, the most eastern,
and consequently occupy that region adjoining Syria; and since they
do not find building material upon this inhospitable shore, and the
vastness of the sea and ignorance of the language of their neighbors
deprive them of the means of procuring such material by purchase or
exchange, they have built for themselves shelters out of the hulls o~
their ships; and Sallust adds that the buildings of their descendants,
called mapalia, oblong constructions with curved sides, resemble the
keels of ships, the abodes of their ancestors.
Not so very long ago, when the ethnography of Africa was practically unknown, an attempt was made to explain the survivals indicated
by the Roman historian by likening the mapalia which he describes to
the tents of the wandering tribes of the lofty table-lands of the Atlas.
In history, as in government, the Berber and the Arab are confounded,
to the great prejudice of our African policy, and in the same manne~
the commentators of Sallust ignored the essential differences which
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exist between the solid buildings of the ancient inhabitants of the soil
and the temporary movable abodes of the shepherds, whose migration
to J\'Iagreb is comparatively recent. The true mapali(t are keel-shctped
constructions, long, narrow, and low, of which the ksours of Mettamer
and of Medennie in Araad represent the most perfect type, and which
our Troglodytes of Matmata, d'Hadeje, etc., have adapted to their spe·
,
cial needs.
II.
Sallust, in ending his chaperon ethnology, describes the strangers
whom legend brings to the shores of Africa as mingling with the native
Getules, and increasing rapidly~ from which alliances have sprung the
great nation of the Numidians, soon spreading over all the territory
about Carthage.
The uncertainty as to origin, thus attributed by tradition to the
Numidians, manifests itself even in our day in regard to the Berbers
of Tunis in general, and particularly among those of the mountains of
the south. A special ethnical type, of which the large island of Djerba
is the prineipal center of habitation, here comes in contact with another
type, no less characteristic, which predominates in the Djerid. The
type of the Djerabi, which corresponds to the foreign population which
Sallust represented as landing on the shore in the vicinity of Syria, is
distinguished, at the first glance, by a very clear complexion of a dead
white, or else slightly bronzed, relative shortness of the head, and
roundness of the face; the nose is straight, the lips thin, the chin
rounded. The type of the Djeridi, descendants of the ancient Getules,
is characterized on the contrary by dark coloring, almost that of a mulatto, a long and narrow skull, a high forehead, retrousse nose, thick
lips, and receding chin. I have found these two ethnical types well
distinguished by Dr. Collihnon in the two Caliphates of Matmata. The
first seemed to me to predominate at Hadeje; the second prevailing at
Matmata Bled Kebira.
BesideR these there were seen here and there in the mountains, persons without doubt of Zanatian origin, who recall our Kabyles; a few
half-breed Arabs, and also a small number of negroes, more or less Berber in type, exercising in general the important profession of water-carriers, but transforming themselves in an obliging manner into musicians
for local fetes.
The Matmatians are at the same time shepherds and husbandmen.
They raise herds, of which goats and sheep predominate. The wool of
these animals they take to the coast to sell, sometimes raw and sometimes woven. They cultivate barley and wheat, the date, olive, and
fig, the products of which transported to Gabes enable them to acquire,
by exchange, a quantity of foreign objects which more and more take
the place of the articles which they formerly fabricated for thml).selvcs.
I found in the house of Ali porcelains of Limoges, ordinary glassware,
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a tin lantern of Parisian manufacture, copper candlesticks, wax candles,
white sugar; a bottle of ink from Dijon, a pair of spectacles with silver
rims, knives from Chatellerault, knives and forks of ruolz, etc. Nothing
of home manufacture remained in the surroundings of the good old
man excepting the grey wool of the burnous, the rug from Oudref
spread in our room, and the large dishes in basketwork and wood on
which the abundant d~ffa was served to us.
This is the case at Hadeje, as well as everywhere else.
All that has not succumbed to European influence is distinctly Arab.
Food, clothing, ornaments, arms, etc., suggest in appearance those of
the nomads of the neighboring desert.
Their social condition is very similar to that of the Arabs, whom the
Matmatians imitate as closely as possible so long as it entails nothing
contrary to their traditional legislation (Kanoun). They possess a
Zaonia, who enjoys a great reputation in the mountains, and their
religious rites follow closely those of the dissenting Ibbadites, whose
beliefs they share. They bury their dead, according to Arabian custom,
in shallow graves, so near the surface of the earth that a poet, in
visiting the spot, has been able to say without exaggeration that in
this strange land the dead occupy the place of the living, while the
living ''have for habitation true sepulchers." "When you see them
come forth," the Arab poet goes on to say, "it seems as if they were
rising for the day of judgment."
Beni-Zelten and Toujane mark the extreme eastern limit of the
country of the Troglodytes. The Berber language is again heard when
beyond the last inhabited cave the terraces of the dreary, gray houses
of the Zanaitia re-appear, overlooking in the distance the steep cliff, the
extended plain, and the sea.
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The purpose of this summary is to draw attention to combined and
organized resources, rather than to individual effort. The number of
books, pamphlets, papers, etc., read before societies and general meetings and congresses, and of articles in current periodicals, is so great
that it were impossible to enumerate them. Furthermore, this is not
necessary now as formerly, since several of the organs of anthropological societies publish great lists, and special journals in each division
of the subject pay great attention to bibliography. To American
readers, particularly to those who desire to commence a course of
anthropological studies, the following should be accessible :
The American Anthropologist, Washington; Archiv fiir Anthropologie,
Braunschweig; Archivio per l' Antropologia, Firenze; Bulletins de la Societe d' Anthropologie de Paris j Internc(;Uonales Archiv fiir Ethnographic,
Leyden; Journal of the Anthropological Inst·i tute of Grec(;t Britain and
Ireland, I.ondon; L'Anthropologie, Paris; lVIittheUltngen der Anthropologischen Gcsellsohrift in Wienj Revue Mensuelle de l' Ecole d' Anthropologie, Paris; Verhandlungen der Berliner Gescllschaft .fiir Anthropologie,
etc., Berlin; Zeitschriftfiir Ethnologic, by the same society.
Journals of popular character which can not bn neglected are: Academy, London; The American Nctturalist, New York; Athenantm, London;
Ausland, Stuttgart; Nature, Londou; Popttlar Science JJ[onthly, New
York; Revue Scientijiqtte, Paris; Science, New York.
The address of Prof. Max JYii:iller, as vice-president of the section of
anthropology in the British Association, at the meeting held in Oardi:ti'
in August of this year, was a review of the forty years during which he
had taken part in this organization. In that early day there was no
section of anthropology, the study of mankind being relegated to section D (zoology and botany). In1851 section E (geography and ethnology)
was formed, the former, however, more and more absorbing the latter
unti11884, when section H (anthropology) was organized. In 1847 the
debates o_n ethnology were most popular, shared in by MiUler, Prichard,
Latham, Crawford, Bunsen, Karl Meyer, Prince Lucien Bonaparte, and
patronized by Prince Albert. In Prof. Muller's address, the prophecies
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of his first meeting are delightfully referred to in connection with their
fulfillment of to-day.
The following communications were made before the section of
anthropology in 1891:
Social aml religious ideas of the Chinese. By lt. K. Douglas.
Analysis of vowel sounds. R. J. Lloyd.
Family life of the Haidas. Charles Harrison.
Report of the northwestern tribes of Canada. By the Committee.
On the work of Maj. J. W. Powell. Max Miiller.
Ancient language of the natives of Tener life. By the Marquess of Bute.
The limits of savage religion. F. B. Tylor.
Couvade. H. Ling Roth.
Customs of the natives of Assam. S. E. Peal.
Burial customs of New Britain. B. Danks.
Barbaric elements in ancient Greece and Italy. G. Hartwell Jones.
The Morocco Berbers. J. E. B. Meakin.
On the worship of the meteorites. H. A. Newton.
Ancient Welsh customs, etc. Dr. Phene.
First sea wanderings of the English race. W. M. Adams.
Old-World myths and the Navajo "Mountain Chant." A. W. Buckland.
East Central African customs. By J. Macdonald.
Report of the prehistoric inhabitants committee.
Heport of the Elbolton cave committee.
Instinctive criminality. By S. A. K. Strahan.
Tho anthropometric methou of identifying criminals. By J. G. Garson.
Recent Hittite discoveries. By Dr. Phew~ .
The Similkameen Indians of British Columbia. By Mrs. S. S. Allison.
Nicobar pottery. By E. H. Man.
Report of the anthropometric laboratory committee.
Heport of the anthropological notes and queries committee.
Report of the Indian Committee.

The French Association for the Advancement of Science held its
twentieth session in Marseilles, September 17-24. In the eleventh section, devoted to anthropology, the following papers of general interest
were read:
M. Pauvelle: Succession of environments inhabited by the series of man's ancestors.
Delisle: Artificial deformation of the skull in France. The coiffures which produce them anJ the chart of their distribution.
Philippe Rey: The skulls of the insane.
Ernest Chantre: Peoples of Russian Armenia.
Ernest Chantre: Ethnographic objects from the Kurds of Mount Ararat.
M. Layard: Obsidian from Teneriffe.
G. de Mortillet: The paleolithic epochs in their relation to the Alpine glaciers.
}~. Barthelemy: Glacial deposits and diluvial deposits of the Mosilla.
Gustave Chauvet: Classification of Quaternary times in Cha.uvant.
A. de Mortillet: The value of objects of human industry as an element in classif~Ting
quaternary deposits.
M. Tardy: Prehistoric religious monuments.
M. Pallery: The hand in Jewish and Muss ulman traditions.

A novel feature of this meeting was the choice of a subject for special
discussion at the meeting to be held at Pan in 1892 under the presidency of Dr. Magitot, namely, the criminal type from the anthropo-logical point of view.
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The Paris school of Anthropology not only continued its course of
lectures, but provided for their widespread influence and perpetuation
by establishing a monthly journal, Revue Mensuelle de l'Anthropologie
de Paris. The course of lectures during the year included the following:
G. de Mortillet: The origin of agriculture.
Andre Lefevre: Linguistic evolution; origin of articulate language.
G. Herve: General natural history of man and of the human races.
J. V. Laborde: The instinctive and the intellectual functions.
Mahoudean: Histology of the skin, its attachments and the organs of sense.
Bordier: Acclimation. Role of the interior environment in the phenomena of acclimation.
Manouvrier: Human anatomy and its relations with psychology.
Letourneau: Mythologic evolution among the human races.
A. de Mortillct: Industry among prehistoric peoples and among modern savages.

The Ninth International Congress of Americanists was announced to
meet in the Convent of Santa Maria de ]a Rabida, in the province of
Huelva, Spain, from the 7th to the 11th of October, 1892: at the close of
the session of the Congress of Orientalists, to be held in Seville October 1 to 6. To celebrate the fourth centennial after the discovery of
America, extraordinary preparations were made. The naming of the
continent, the voyages ef Columbus, the government of the Indians by
the different countries interested, and the influence of Europeans upon
the aboriginal habits and governments and kindred topics were to be
made prominent. The archffiologic, ethnographic, linguistic, and historic papers and debates were selected and ordered with reference to
the one absorbing event of the year.
The American Association for the Advancement of Science met in
Washington under the patronage of a joint committee of all the scientific societies. The Anthropological Society of Washington and the
· Women's Anthropological Society were especially active in giving success to their section. Papers germane to the study of man were not
confined to Section H. The presidential address upon the possibilities
of the vegetable kingdom for yielding new plants to the service of man
was practically an anthropological paper. The geological section also
listened to papers on the quaternary that can not fail to be instructive
to students of the antiquity of man. Section I, devoted to economics
and social problems, divided the time of many anthropologists with
Section H. Prof. J as trow presided over Section H, and chose as his
theme "Analogy as a basis of argument among lower races and among
the Folk." Suggestions were made relative to the formation of a section of psychology in the association, but it was thought that more
would be lost than gained by diverting attention from the general section of anthropology. The Washington meeting was especially favore.d
by the bringing out of Maj. Powell's Linguistic 1\ifap of North America,
by papers of Mr. Frank Cushing, and by a minute recital of the ghost
dance by Mr. James Mooney, who had been participating therein for
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several weeks. The splendid collections of the National Museum and
of the Army Medical Museum were thrown open, visits were made to
the Piney Branch bowlder quarries and to other aboriginal remains in
the vicinity of the capital.
The following papers were read before Section II of the American
Association for the Ad van cement of Science:
The essentials of a good educa.tion. Vi!. H. Seaman.
Kava-drinking among the Papuans and Polynesians. Walter Hough.
A linguistic map of North AmPrica. J. W. Powell.
Jade implements from Mexico and Central America. Thomas Wilson.
Gold ornaments in the United States National Museum from the Unitecl States of
Colombia. Thomas 'Wilson.
Siouan onomatopes interjection and phonetic types. J. 0. Dorsey.
On a collection of stone pipes from Vermont. G. H. Perkins.
An experiment in human stirpiculture. Anita Newcomb McGee.
Relics of aneient Mexican civilization. Zelia Nuttall.
Bow-stretchers. EdwardS. Morse.
Prehistoric bows. Edward S. Morse.
The Nez Perce country. Alice C. Fletcher.
Relation of a Loveland, Ohio, implement-bearing terrace to the moraines of the ice
sheet. Frank Leverett.
Utility of physical study of child life. Laura Osborne Talbott.
Origin of the name "Chautauqua." Albert Gatschet.
Outlines of Zuni creation and migration myths considerefl in their relation to the
Ka-ka and other dramas or so-called dances. Frank Hamilton Cushing.
An ancient human cranium from southern Mexico. F. W. Putnam.
The length of a generation. C. M. Woodward.
Burial customs of the Hurons. Charles A. Hirschfelder.
The Messiah religion and the ghost dance. James Mooney.
Study of a dwarf. }<'rank Baker.
Stone drills and perforations in stone from the Susquehanna River. Atreus \iVanner.
Evidence of the high antiquity of man iu America. Thomas Wilson.
On bone, copper, and slate implements found in Vermont. G. H. Perkins.
Some archreological contraventions. Gerard Fowke.
On the distribution of stone implements in the tidewater provinces. W. H. Holmes.
Aboriginal novaculite quarries iu Arkansas. W. H. Holmes.
Games of Teton children. J. Owen Dorsey.
Geographical arrangement of prehistoric objects in the United States National Museum. Thomas Wilson.
Curious forms of chipped stone implements found in Italy, Honduras, ::mel the
United States. Thomas Wilson.
Inventions of antiquity. Thomas Wilson.
Swdy of automatic motion. Joseph Jastrow.
Race survivals and race mixture in Great Britain. vV. H. Babcock.

The Smithsonian Institution issued two annual reports in 1891, besides
separate papers in the proceedings of the United States National Museum. The Bureau of Ethnology published its Seventh Annual Report,
1885-'86; Catalogue of Prehistoric Works East of the Rocky Mountains,
by Cyrus Thomas; Omaha and Ponka Letters, by J. Owen Dorsey;
Bibliography of the Algonquian I.anguage, by J. C. Pilling; TheKlamath Indians of Southwestern Oregon (Cont. to N. A. Ethnol., vol. n),
by A. S, Gatschet; The Dhegiha Language (Cont. toN. A, Ethnol., vol.
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vr), by J. Owen Dorsey; A Dakota-Englislt Dictionary (Cont. toN. A.
Ethnol., vol. vn), by Stephen R. Riggs.
The rapid popularization of anthropological knowledge of the best
sort is seen in the Contemporary Science Series, edited by Havelock
Ellis and published by Walter Scott, London. The volumes already
advertised are:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

The evolution of sex. By P. Geddes and J. A. Thomson.
Electricity in modern life. By de Tnnzelman.
The origin of the Aryans. By Isaac Taylor.
Physiognomy and expression. By P. M::tntegazza.
Evolution and disease. By J. B. Sutton.
The village community. By G. L. Gomme.
The criminal. By Havelock Ellis.
Sanity all(l insanity. - By Charles Mercier.
Hypnotism. By Albert Moll.
Manual training. By C. M. Woodward.
The science of fairy tales. By E. S. Hartland.
Primitiv~ folk.
By Elie Reelns.
The evolution of marriage. By M. Letourneau.
Bacteria and their products. By G. S. ·woodhead.
Education and heredity.
J. M. Guyan.
The man of genius. By Cesare Lom broso.

By

For the purpose of perfeeting organization and bringing together the
·various associations in our country devoted to anthropology, the American Oriental Society appointed a committee to learn if it were practicable to open negotiations with other philological, archmologi0al, and ethnological societies with a view to adopting a common time and place
for meeting every other year. The following associations are included
in the list:
The American Oriental Society, 1842.
The American Philological Association, 1869.
The Archll\Ological Institute of America, 1879.
The Anthropological Society of Washington, 1879.
The Society of Biblical Literature and Exegesis, 1880.
The Modern Language Association of America, 1883.
The American Folk-Lore Society, 1888.
The American Dialect Society, 1889.

The friends of the natural history of man "\Yilllook forward with great
interest to the result of this inquiry.
In 1\'lay, 1890, at the request of several gentlemen in Chicago, Prof.
F. W. Putnam outlined a plan for an ethnological and archmological
exhibit, particuhtrly relating to America, as a desirable and instructive
section of the World's Columbian Exposition, this exhibit to be brought
together largely by special exploration and research and with the unclm·standing that it should form the nucleus of a permanent ethnological museum in Chicago. This plan was printed in the Chicago Tribune
of May 31, 1890.
In the following September, Prof. Putnam was invited to address the
Committee on Permanent Organization of the National Board of Com-
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missioners Oll the subject of all ethnolog·ical aud archmological exhibit,
and soou afterwards the Board of Directors iuvited him to present his
views before that bociY. The substance of these remarks was printed
by the Committee on Organization of National Commissioners as a11
appendix to their report on September 15, 1890.
In January, 1891, the Director-Genera] of the Exposition invited Prof.
Putnam to a conference on the scope and plan for Department 1\f, which
had been designated by the National Commissiollers with tbe title
"Ethnology, Archmology, Progress of Labor and Invention," and on
February 5 Prof. Putllam was officially appointed Chief of the Department.
The National Board of Commissioners and the Board of Directors
are specially interested in the development of this department, which
is so entirely removed from the material illterests of the World's Fair.
The understanding is that from tlds exhibit there shall result a permanent Columbus Museum (for all departments of Natu:qtl History) of
a character worthy of the Exposition and of Chicago. This result will
be appreciated by scientists, who will hail with delight the formation
of a great museum in this central part of our country.
In former summaries attention has been called to the excellent anthropological work done in Salem, Cambridge, Worcester, New York,
Cleveland, Philadelphia, Washington, Cincinnati, St. Louis, Davenport, and other eities; but these by no means in elude all the organized
effort to preserve in our country the history and natural history of mall.
In almost every Americall city of importallce these are banded together
in soc,ieties, many of them incorporated, men and women devoted to
some bntnch of anthropology. Omitting the medical societies that
publish somewhat, sufficiently catalogued ill the Index JJfedic~ts, tbe
writer has sought to enumerate the organizations in the different States
that are equipped for anthropological work. The list has· been made
long inteuti onally, quite as much to awaken an iuterest in the study
of archmology and eUuwlogy 8S to put on record their existence and
the amonllt of good already accomplisbed by them. Many subscription
journals in our country also lend their pages to anthropological papers,
and these also fiud a place in the list in recognition of their services.
There are few persons ·who will llot be surprised at the great numbers
of media of communication. The work of tbe future will be to gatller
them into an organization.
Alabama Historical Society, Tuscaloosa. Publish Alabama Historical Reporter.
Alaska Historical Society, Sitktt.
Alaskan Society of Katural History and Ethnology, Sitka.
Albany lnstitnto, New York. Pnblish transactions.
American Acn,demy of Arts aml Sciences, Boston, Mass. Publish proceedings.
American Academy of Political and Social Science, Philadelphia, Pa. Publish t,be
annals of the American Actt(lemy of Political ~mel Social Science.
American Anthropologist, Anthropological Society, Washington, D. C.
American Archreological Association, Bennings, D. C.

SUMMARY OF PROGRESS IN ANTHROPOLOGY IN 1891.

439

Anthropological Society, ·w ashington, D. C., Jmblish American Anthropologist.
American Anthropometric Society, Philadelphia, Dr. ·w illiam Pepper.
Ameriean Antiquarian and Oriental Journal, illustrated, Chic,ago, Ill.
American Antiquarian Society, vVorcester, Mass. Publish Archr:eologia Americana.
American Association for the Advancement of Science, Salem, Mass. Publish proceedings.
American Catalogue (The), New Yo;k, office ofPublishers' Weekly.
American Catholic Historical Researches, Philadelphia. Publish Quarterly Magazine.
American Dental Association.
American Economic Association, Baltimore, Md. Publications, contributions.
American Folk-Lore Society, Boston, Mass. Publish Journal of American FolkLore (quarterly).
American Geographical Society, New York city. Publish bulletin.
American Historical Association, ·washington, D. C.
American Institut,e of Christian Philosophy, Philadelphia.
American Institute of Sacred Literature, New Haven.
American Journal of Arch:::eology and History of Fine Arts.
American Journal of Philology.
American Journal of Psychology (The), Cla"rk University, ViTorcester, Mass. Quarterly.
American Journal of Science, New Haven.
American Library Association, New York.
American Museum of Natural History, New York city. Publish lmlletin.
American Naturalist, Philadelphia.
American Numismatic and Arch:::eological Society, New York city. Pnblish proceeuings.
American Oriental Society, Cambridge, Mass. Publish journal.
American Philological Association, Bryn Mawr, Pa. Transactions.
American Philosophical Society, Philadelphia, Pa. Publish proceedings, transactions.
American School of Classical Studies in Athens, under patronage of the Arch:::eological Institute of America.
American Social Science Association, Concord, Mass. ,Journal of Social Science.
American Society for Psychical Research. Publish proceedings.
American Society for the Extension of University Teaching, 1502 Chestnut street,
Philadelphia.
American Society of Church History, New York. Papers.
American Statistical Association, Boston, Mass. Publish publications.
Annual Report of the American Historical Association.
Annual Report of the Cumtor of the Museum of Americau Arch:::eology, in connection with the University of Pennsylvania, University Archreological Associ:t·
tion, Philadelphia, Pa.
Annual Report of the Peabody Maseum of American Archmology aml Ethnology,
Cambridge 1 Mass.
Archmological anrl Ethnological Papers of the Pe::tbo1y JYiusetlm, C<.tmhriuge, Mass.
Archmological Institute of America, Boston, Mass. Annual Heport.
Arena (The), Boston, Mass.
Athenee Louisianais (L'), New Orleans, La.
Arkansas Historical Society, Little Rock, Ark.
Boston Scientific Society, Boston, Mass.
Boston Medico-Psychological Society, \Vorcester, Mas·s. American .T ournal of Psychology.
Boston Society for Ethical CnHure, Dorchester, Mass.
Boston Society of Natural History, Boston, Mass. Guides for Science Teaching.
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Brooklyn Ethical Association.
Brooklyn Institute 1 Brooklyn, N. Y.
Bulletins of Proceedings. Year Book.
Brookville Society Natural History, Brookville, Ind. Bulletin.
Buffalo Historical Society, Buffalo, N. Y. Annual Report ::md Proceedings; Transactions.
Buffalo Society of Natural Sciences, Buffalo, N. Y. Bulletin.
California Academy of Sciences, San Francisco, Cal. Bulletin; Memoirs; Proceedings; Occasional Papers.
California Historical Society, San Francisco, Cal. Collections.
Canadian Record of Science, Montreal, Canada.
Cayuga County Historical Society, Auburn, N.Y. Collections.
Central Ohio Scientific Association, Urbana, Ohio. Proceedings.
Century Magazine, New York.
Chautauqua Literary and Scientific Circle, Buffalo, N.Y. Chautauquau, The.
Cincinnati Museum Association. Art Academy of Cincinnati.
Cincinnati Society of Natural History, Cincinnati, Ohio.
Clark University, Worcester, Mass. Psycho-physical laboratory.
Colorado Scientific Society, Denver, Colo. Proceedings.
Colorado, State Historical antl Natural History Society of, Denver, Colo. Nothing
yet published.
Connecticut Academy of Arts and Sciences, New Haven, Conn. Transactions.
Daven11ort Academy of Natural Sciences, Davenport, Iowa. Proceeuings.
Delaware Historical Society, Wilmington, DeL
Denison Scientific Association, Denison~ Texas. Memoirs.
Des Moines Academy of Science, Des Moines, Iowa. Bulletin.
Elisha Mitchell Scientific Society, Chapel Hill, N. C. Journal.
Elliot Society of Science and Art, Charleston, S. C. Proceedings.
Essex Institute, Salem, Mass. Bulletin; Historical Collections.
Evolutionist, The, Boston, Mass.
Fairfield County Historical Society, Bridgeport, Conn.
Florida Historical Society, St. Augustine, Fla.
Franklin Institute, Philadelphia, Pa. Journal.
Friends' Historical Association, Philadelphia, Pa.
Fulton County Scientific Society, Avon, Ill.
Geographical Society of the Pacific, San Francisco, Cal. Ko'jmos (the official organ
of). Transactions; Proceedings.
Georgia Historical Society, Savannah, Ga. Collections.
Gorges Society, Portland, Me. Publications.
Hawaiian Historical Society.
Harvard College, Cambriuge, Mass. Quarterly Journal of Economics.
Hemenway Southwestern Archreological Expedition. A journal of American Ethnology and Archreology. Boston, Vol. I, 1889.
Historical Society of Nashville, Tenn.
Huguenot Society of America, New York City. Collections; Proceedings.
Illinois State Historical Society, Springfield, Ill. Practically only a library.
Index Catalogue of the Library of the Surgeon-General's Office, Washington, D. C.
Index Medicus, ·washington, D. C.
Indian Rights Association, Philadelphia, Pa.
Iowa Academy of Sciences, Des Moines, Iowa. Proceedings.
Iowa State Historical Society, Des Moines, Iowa. Iowa Historical Record.
Jefferson County Historical Society, Watertown, N.Y.
Johns Hopkins University, Baltimore, Md. Universal History and Political Science
studies; social Science, Education and Government, American Journal of l'hilology; Studies from Biological Laboratory.
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Journal (A) of American Ethnology and Archreology, Boston a,nd New York.
Journal (The) of American Folk-Lore, Boston and New York. Quarterly .
.Journal of the Military Service Institution, New York.
Kansas Academy of Science, Topeka, Kans. Transactions.
Kansas State Historical Society, Topeka, Kans. 'l'ransactions.
Lackawanna Institute of History and Science ( ~), Pa. Proceedings and Collections.
Lexington Historical Society, Lexington, Mass. Proceedings.
Linn:::ean Society of New York, New York CitJ-. Transactions; Abstract of Proceedings.
Long Island Historical Society, Brooklyn, N. Y. Memoirs.
Louisiana Historical Society, Baton Rouge, La.
Lowell Institute, Boston, Mass. Courses of lectures.
Magazine of American History. Quarterly.
Maine Historical Society, Portland, Me. Collections; Procee(lings :mel Collections,
new series; Documentary History of Maine.
Malcaster College, St. Paul, Minn. Contributions.
Maryland Academy of Sciences, Baltimore, Mel. Transactions.
Maryland Historical Society, Baltimore, M(l . . Annnal Report.
Massachusetts Historical Society, Boston, Mass. Collections; Reports.
Meriden Scientific Association, Meriden, Coun. Transactions.
Metropolitan Museum of Art, Central Park, New York.
Michigan Pioneer and Historical Society, Lansing, Mich. Pioneer Collections; Historical Collections.
Middlebury Historical Society, Middlebnry, Vt. Papers an(l Proceedings.
Minnesota Academy of Natural Sciences, Minneapolis, Minn. Bulletins.
Minnesota Historical Society, St. Paul, Minn. Collections; History of Ojibwa Nation; Biennial Re11orts.
Mississippi Historical Society, Jackson, Miss.
Missouri Historical Society, St. Louis, Mo. Publications.
Modern Language Association of America, Baltimore, Md. Transactions; Transactions an(l Proceedings; Pro('eedings; Publications.
Monist ('l'he), Chicago, Ill. Quarterly Magazine.
National Academy of Sciences, \Vashington, D. C. Annual Reports; Memoirs.
National Educational Association, \Vashington, D. C. Proceedings.
National Geogr.aphical Society, Washington, D. C. National Geographical Magazine.
National Prison Association. Reports.
Natural History Society of Carbondale, Ill.
Nature's Realm, New York. A monthly magazine.
Nebraska State Historical Society, Lincoln, Neb. Report of Secretary Biennial :
Transactions and Reports.
Newburgh Bay, Historical Society of, Newburgh, N.Y.
New England Historical and Genealogical Register, Boston, Mass.
New Hampshire Antiquarian Society, Hopkinton, N.H.
New Hampshire Historical Society, Concord., N.H. Collections; Proceedings.
New Haven Colony Historical Society, New Haven, Conn. Papers.
New Jersey Historical Society, Newark, N.J. Proceedings; Documents relating
to the colonial history of New Jersey; Journal of the Governors and Council of
New Jersey.
New Jersey Natural History Society, Trenton, N.J. Journal.
New London County Historical Society, New London, Conn. Records and Papers.
New Mexico, Historical Society of, Santa Fe, N.Mex.
New Orleans Academy of Sciences, New Orleans, La. Papers.
Newport Historical Society, Newport, R. I. Reports.
Newport Natural History Society, Newport, R. I. Proceedings.
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Newton Natural History Society, Newtonville, Mass. Bulletin.
New York Historical Society, New York City. Collectious.
New York Academy of Anthropology, New York City. Transactions; Miscellaneous
Papers.
New York Academy of Sciences, New York City. Annals; Transactions.
New York State Museum of Natural History, Albany, N.Y. Bulletin.
North Carolina Historical Society, Chapel Hill, N. C.
Numismatic and Antiquarian Society of Philadelphia. Report of Proceedings.
Ohio Arch::eological and Historical Society, Columbus, Ohio. Publications, quarterly.
Ohio Historical and Philosophical Society of Cincinnati, Ohio. Annual reports;
Publications.
Old Colony Historical Society, Taunton, Mass. Collections; Proceedings.
Oneida Historical Society, Utica, N.Y. Open Court (The), weekly, Chicago.
Oriental Club, Philadelphia. Pennsylvania University.
Overland Monthly, San Francisco.
Peabody Museum of American Arch::eology and Ethnology. Annual report.
Peabody Academy of Science, Salem, Mass. Publications; Memoirs.
Pedagogic (The) Seminary, Clark University, Worcester, Mass., G. Stanley Hall.
Pennsylvania (The) Magazine, Philadelphia, Pa. Quarterly.
Pennsylvania Historical Society of Phila,delphia, Pa. Pennsylvania Magazine of
History and Biography, quarterly.
Pennsylvania Historical Society of Pittsburg and Western Pennsylvania, Pittsburg,
Pa.
Philadelphia Academy of Natural Sciences, Philadelphia, Pa. Journal; Proceedings; monthly.
Philadelphia Social Science Association, Philadelphia, Pa. (now merged into Academy of Political and Social Economy of America).
Pejepscot Historical Society, Brunswick, Me. Collections.
Political Science Quarterly (The), New York.
Popular Science Monthly (The), New York.
Proceedings of the Academy of Natural Sciences of Philadelphia.
Proceedings of the American Antiquarian Society, Worcester, Mass.
Proceedings of the American Association for the Advancement of Science.
Proceedings of the Canadian Institute, Toronto, Canada.
Quarterly Bibl~ography of Anthropologic Literature, American Anthropologist,
Washington, in every number.
Quarterly Journal of Economics, Harvard University, Cambridge, Mass.
Rhode Island Historical Society, Providence, R. I. Proceedings; collections.
Rochester Academy of Science, Rochester, N. Y. Proceedings.
Santa Barbara Society of Natural History, Santa Barbara, Cal.
School of Applied Ethics, Plymouth, Mass.
Scientific American, with Supplement, New York, weekly.
Semitic Department, Harvard University. Programme separate.
Seventh report of committee appointed to investigate the physical characters, languages, and industrial and social condition of the Northwestern tribes of the
Dominion of Canada. Report British Association for Advancement of Science,
1891, V. III.
Smithsonian Institution, ·washington, D. C.
Society for Political Education, New York City. Ecrmomic Tracts.
South Carolina Historical Society, Charleston, S. C. Collections.
Southern California, Historical Society of, Los Angeles, Cal. Constitution; Warm
and Cold Ages; Annual Publications.
Southern Historical Society, Richmonu, Va. Papers.
South Nantick, Historical, Natural History, and Library Society of, Massachusetts.
A. review of the first fourteen years of the.
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Staten Island, Natural Science Association of New Brighton, N. Y. Proceedings.
St. Louis, Academy of Science of Missouri. Transactions.
St. Paul Academy of Science, St. Paul, Minn.
Tacoma Academy of Sciences, Tacoma, Washington, D. C.
Tennessee Historical Society, Nashville, Tenn.
Tennessee Historical Society Papers. Proceedings of the, at Murfreesboro.
Texas State Historical Society, Texas.
Texas Academy of Science, Dr. Everhart, president.
Transactions of the Canadian Institute, Toronto.
Transactions of the Psychological Society of Moscow.
Union Ethical Society, Philadelphia, Pa. The Ethical Record (ten numbers only)
succeeded by the International Journal of Ethics.
United States National Museum, Washington, D. C. Bulletins.
University Archreological Association of the University of Pennsylvania, in Philadelphia. Designed to co-operate with the department of archreology and paleontology.
University of Michigan, Ann Arbor, Mich. Philosophical Papers.
University of Nebraska, Lincoln, Neb.
Univerr:;ity Studies. Department of History and Economics. Seminary papers.
University of Pennsylvania. Philadelphia, Pa.
Virginia Historical Society, Richmond, Va. Virginia historim1l collections.
West American Scientist. A popular monthly review and record for the Pacific
Coast.
Western Reserve and Northern Ohio Historical Society, Cleveland, Ohio. Report
twenty-fourth annual meeting.
Weymouth Historical Society, Weymouth, Mass. Publications.
Wisconsin Academy of Sciences, Arts, and Letters, Madison, Wis. Transactions.
Wisconsin Naturalist, Madison, Wis. Monthly.
Wisconsin, Natural History Society of, Milwaukee, Wis. Proceedings; occasional
papers.

The anthropological museum is an essential part of the natural history of man. The true motive and spirit of a useful museum are well
set forth in Dr. Goode's lecture on the museums of the future. The
ideas enforced therein connect exhibition with study and instruction,
and make it plain that the founders of such an organization should
provide for indefinite expansion. The dearth of enterprise and enthusiasm upon this interesting field has been in the past a cause of lament.
In the University of Pennsylvania the museum of archreology is in
successful operation, and since 1889 a '' University Archreological
Association" has grown to have a contributing membership of 275.
The president of the university is also presiding officer of the association, a1Hl there is the closest sympathy between this organization and
the department of arclt[Bology and palreontology in the University.
A department of archreology and palmontology in the University,
with American, Babylonian, Egyptian, and Oriental sections in the
Museum of Archreology and Palreontology, has been organized with
Mr. Stewart Oulin as secretary.
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The following proposed classification and international nomenclature
of the authropologic sciences bas been offered by Dr. D. G. Brinton:
ANTIIROPOLOGY.

I. Somatology,-Physical and experimental anthropology.
II. Eth~ology.-Historic and analytic anthropology.
III. Ethnography.-Geographic and descriptive anthropology.
IV. Archceology.-Prehistoric and reconstructive anthropology.
I. Sornatology.-1. Internal somatology: Osteology, craniology, prosopology, myology, splanchnology. 2. External somatology: Antllropometry, color, hair, canons of proportion, physical beauty. 3. Psychology: Experimental and practical, sensation, rates of nervous imp11lse, brain and nerve action. 4. Developmental and comparative
somatology: Embryology, heredity, teratology, human biology, evolution, anatomy of anthropoids, ethnic anatomy and physiology, comparative nosology and medical geography, fertility and sterility, racial
pathology, criminal anthropology, vital statistics, anatomical classification of races.
II. Ethnology.-1. Sociology: Systems of government anu the SO·
cial contract, laws and ethical standards, the marriage relation and
rules of consanguinity and descent, social classes and institutions, international relations (war, commerce, colonization). 2. Technology:
The utilitarian arts, as tool-making, ceramics, architecture, agricnl·
ture, means of transportation, clothing, weights and measures, media
of exchange; the msthetic arts-musie, drawing, painting, sculpture,
decoration, games, cookery, perfumery. 3. Religion: Psychological
origin and development; personal, family, tribal, and world religions;
animism, fetichism, polytheism, monotheism, atheism; mythology and
mythogeny; symbolism and religious art; sacred places and objects;
rites, ceremonies, and mortuary customs; religious teacllers, classes,
and doctrines; theocracies; analyses of special religions; philosophy
and natural history of religions. 4. Linguistics: Gesture and sign language; spoken language-parts of speech, logic of grammar, origin,
growth, and classification of languages, relation to ethnography; written language-pictographic, symbolic, ideographic, and phonetic writing, evolution of alphabets, phonetic systems; forms of expressionpoetic (metrical, rhythmical), dramatic, prosaic. 5. Folk-lore: Traditional customs and narratives, folk-sayings, superstitious beliefs and
practices.
III. Ethnography.-1. General ethnography: Origin, charaeteristics,
and. subdivisions of races and peoples; the "geograpllical provinces"
or "areas of characterization;" anthropo-geography; lines of mi";rations and national intercourse. 2. Special ethnography: The Eurafrican or White Race (North Mediterranean and South Mediterranra,n
branches), the Austafriean or Black Race, the Asian Race (Sinitic aud
Sibiric branches), the American Race, Insular and Littoral peoples
(Nigritic, Malayic, and Australic stocks).
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IV. Archceology.-1. General arch::eology: Geology of the epoch of
man; glacial phenomcua; diluvial and alluvial deposits; physical
geography of the quaterna.r y; prehistoric botany and zoology; prehistoric ages-the age of stone (pal::eolithic period, neolithic period),
the age of bronze, the age of iron, prehistoric commerce, paleth·
no logy; proto-historic epoch. 2. Special arch ::eology: Egyptian, Assyrian, Phenician, Classical, Medieval, and American Arch::eology.
BIOLOGY.

On the biological side the best comprehensive survey of anthropology
is Topinard's "L 'Homme dans la Nature." It will be remembered that
in 1876 the author published his "Anthropologie," an elementary
treatise inspired and patronized by Broca. In 1886 appeared the author's " Elements d' Anthropologie Generale," an elaborate volume of
over eleven hundred pages, of which the present work is a comprehensive abridgement, bringing the subject down to date. The lectures in
the EcQle d' Anthropologie, based on studies made upon materials gathered in the museum of the Societe d'Anthropologie, the Musee Broca,
of the Ecole, and in other collections of Paris, continue to be the best
effort to make public the results of biological anthropology. In our
own country, outside the medical colleges and the Surgeon General's
laboratory, little anthropo-biological work was done; an exception is
tJ be made in the matter of psycho-physics. If one should wish however to become acquainted with the biological work of the world, he
would only have to turn to the Index Medicus and the Index Catalogue
of the Surgeon General's library. ';rhe purely anthropological part of
these catalogues also appears in the current numbers of American Anthropologist, edited by Dr. Robert Fletcher.
Psycho-physics.-For the study of JJSysho-physics and kindred branches
of anthropology the Amcricctn Journal of Psychology is the standard
authority., The current literature of the world i~ there reviewed, and
the titles of foreign periodicals and journals contributing to the science
are given.
In March, Dr. Henry H. Donaldson delivered before the Boston
Medico-Psychological Society a course of six lectures on cerebral localization. This series draws attention to a doubly interesting fact,
namely, the existence of a medico psychological society, coupled with a
course of public lectures for pedagogical purposes. ·.rhe subjects of
the lectures were as follows:
(1) Recent adva11ces in our knowledge concerning the structure of
nerve cells and nerve :fibers, and the relation of these to one another.
The most valuable anthropometric publication of the year is Risley's
''Tribes and Castes of India," two octavo volumes, containing 876 pages
of measurements, to be followed by a volume which will give full analyses
of the data, indicating their bearing upon the ethnology of northern
India, and also upon certain more general questions wllich have been
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discussed in Europe. The measurements were taken in Bengal, the
Northwestern Provinces, and the Panjab, in 1886-1888. Topinard's
measures and instruments were employed, with the exception of the
naso-malar index of Oldfield Thomas. (J. Anthrop. Inst. May, 1885).
(2) Continuation upon the architecture of the nervous system.
(3) The motor regions of the brain. The middle portions of both
hemispheres contain motor centers.
(4) The sensory centers. The motor centers form a dividing line in
the cortex, behind which lie the sensory centers, and in front is an unoccupied area which is left out of the discussion.
(5) Cerebral localization in the vertebrate series becoming less perfect as we pass downward.
(6) The principal explanations which have been offered for the phenomena of cerebral localization and some of the points of contact between these phenomena and psychology.
Dr. Donaldson's observations on the brain and several sense-organs
of the blind deaf-mute, Laura Dewey Bridgma:o, in the Arrwrican Journal of Psychology (iv, 248-249) is accompanied with a bibliography of
ninety-two titles, bearing upon the study of the brain and sense organs
in .aealth and disease. These titles are numbered and references to
them in the text are made by the numbers and not by foot -notes.
Dr. Edmund C. Sanford presents in the American Journal of Psychology (rv, 141-155) the outlines of a course of study of lectures in
physiological psychology. This is done not only to encourage the establishment of laboratories, but to assist college men and others, who are
not prepared to make original investigations, in repeating the experiments of the best establishments. In each case the apparatus and the
method of applying it are minutely described. The following program
is followed:
I. The dermal senses.-,1) Sensations of contact. (2) Sensations of
temperature. (3) Sensations of pressure.
II. Static and lcinmsthetic senses.-(1) Recognition of the posture of
the body as a whole. (2) Sensations of rotation, (3) Sensation of
progressive motion. (4) Muscle sense. (5) Innervation sense. (6) Sensations of motion. (7.) Sensation of resistance. (8) Bilateral assymmetries of position and motion.
In an elaborate paper on the psychology of time, Mr. Hebert Nichols
reviews the terms and expressions for time in the classic authors, follows the conception of a psychological recognition of time historically,
and completes his essay with a review of modern psycho-physical experiments in this direction. .As a summary of the experiments of Boring,
Mach, Vierordt, Kollert, Estel, l\1ehner, Glass, Stevens, Ejner, and
M.iinsterberg the most conclusive result may thus be summed up.
Nearly all persons, under nearly all conditions, find a particular length
of interval more easily and acetuately to be judged than any other.
This "indifference point," or interval of best judgment, is very variable for different individuals and for different times and conditions.
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"The sign of the Constant Error is usually constant in both directions from the Indifference Point."
Where norm and re-production are single, the constant error is minus
for intervals longer and plus for intervals shorter than the indifference
interval. "Where norm and re-production are multiples, the constant
error is plus for intervals longer and minus for those shorter than the
indifference interval. The majority of evidence is strongly against the
validity of Weber's law; also against any fixed or constant periodicity.
"Later investigators look to physiological processes for explanations
of time judgments, and particularly to rythmic habits of nerve centers.
Whether such processes as breathing-, pulse, leg-swing, etc., govern
our perceptions or whether the more gener<Ll rythmic functions of the
higher cephalic centers are in themselves the basis of time judgment is
now the important question."
In 1890, was founded in Hamburg and Leipzig, Zeitschrift fiir Psychologic und Physiologic der Sinnesorgane, a bi-monthly octavo under
the editorship of Hermann Ebbinghaus and Arthur Konig, assisted by
H. Aubert, S. Exner, H. v. Helmholtz, E. Hering, J. v. Kries, Th. Lipps,
G. E. Mii.ller, W. Preyer, and C. Stumpf.
Original papers by the most distinguished investigators are published in each number, works of chief importance are reviewed, and, of
the greatest value, a bibliography of psycho-physicalliterature for 1889
is given in the fourth number, pages 365-418. This bibliography is a
model of convenience. The titles are classified and numbered and an
alphabetical list of authors refers in each case to the title of the author's
book. Thus it is possible to exhibit the classification of the material,
the full title, and to find the work through three separate lists.
The Society for Psychical Research continued its active investigations
upon the phenomena of hypnotism, animal magnetism, suggestive
therapeutics, psycho-therapeutics, phantasms of the living, phantasms
ofthe de::td, clairvoyance, premonitions, hallucinations, thought-transference or telepathy, and the like. In order to stimulate its friends
aud members to renewed activity, a circular was issued insisting that
" the value to be attached to the evidence already collected must largely
depend on its continuous reenforcement by fresh cases of like kind
observed with care and recorded without delay. In the second place,
supposing that the general facts, say of telepathy or of veridical apparitions, were even universa1ly admitted, it would still be a matter of
prime interest and importance to discover as much as possible of the
laws which govern these strange phenomena, and it is therefore, impossible to assign any limit to the number and variety of cases which might
be collected and registered with this end in view."
The most noticeable advance in the prosecution of this part of anthropological work is in the line of co-ordination and co-operation. The
Psychological Society of Moscow was founded in 1888 for the discussion of problems iu psychology, its foundation, theory, applications, and
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history. The society has published three volumes of transactions. A
journal was founded entitled "Problems in Philosophy and Psychology."
A grant was made to the Toronto University for the equipment of a
laboratory of experimental psychology. Offers were made to students
at once to furnish such apparatus as should be needed for the present
purposes, and promises given that the provincial government would
print the results of the investigation should these results warrant it.
For the study of psycho-physics and kindred branches of anthropology, the American Journal of Psychology is the standard authority.
The current literature of the world is there reviewed and the titles of
foreign periodicals and journals contributing to the science are given.
Outside of this eminent journal the entire literature of the subject is to
be sought in the following:
Allgemeine Zeitschrift flir Psychiatrie und psychisch-gerichtliche Medicin.
Annales Medico-Psychologiques.
Archives de Neurologie. Charcot, Paris.
Archiv fiir die gesammte Physiologie. Piliiger.
Archiv flir Physiologie. Dubois-Reymond.
Archiv fiir Psychiatrie und Nerven-Krankheiten.
Brain.
Deutsche Zeitschrift fiir Nervenheilkunde.
Mind.
Philosophische Studien. Wundt.
Revue de l'Hypnotisme. Berillon.
Revue Philosophique. Ribot.
Rivista sperimentale di Freniatria e di Medecina Legale.
Zeitschrift fiir Psychologie und Physiologie der Sinnesorgane. Ebbinghaus.
ETHNOLOGY.

Two contributions to ethnographic science made in this year should
be named together, Powell's -L inguistic Map of North America and
Brinton's"AmericanRace." The former is the gatheredresultofall that
has been done hitherto in locating North American stocks and tribes,
systematized and put into shape by thirteen years of continuous effort
of Major Powell and the Bureau of Ethnology. The latter may also be
called the result of a life-long inquiry. The ethnography of South
America has been in an unsatisfactory condition, and the first thing to
do was to sum up carefully previous knowledge. This Dr. Brinton has
accomplished, thus paying the way for systematic effort in the future.
Below will be found the North American stocks as arranged by Major
Powell, followed by a list of stocks as laid down by Dr. Brinton. The
two form a continuous series from one end of the continent to the other,
the stocks being arranged alphabetically under three titles, North
America, Middle America, South America.
NORTH AMERICAN STOCKS.

Algonquian: Of the North Atlantic seaboard and west through the Northern States,
Lake region, and Canada to the Rocky Mountains.
Athapascan: Of the int ~ rior of British America; isolated communities on the Columbia River, Oregon, California, Arizona, and New Mexico.
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Attacapan: Area on Texas coast.
Beothukan: Portion of Newfoundland.
Caddoan: Of northern Nebraska, western Arkansas, southern Indian Territory,
western Louisiana, and northern Texas.
Chimaknan: Of part of the southern shore of Pnget Sound.
Chimarikan: On New and Trinity rivers, Northern California.
Chimmesyan. The region of Nasse and Skeena rivers, west coast of British Columbia.
Chinookau: Banks of the Columbia River as far up as The Dalles.
Chitimachan: About Lake Barataria, southern Louisiana.
Chumashau: Coast of California from about the thirty-fourth parallel to a little north
ofthe thirty-fifth.
Coahuiltecan: Of southwestern Texas and northeastern Mexico.
\Jopehan: West of the Sacramento as far north as Mount Shasta, California.
Costanoan: Coast of California from the Golden Gate south to Monterey Bay.
Eskiruauan: East and west coasts of Greenland; coast of Labrador as far south as
Hamilton Inlet; and the Arctic coast westward, including part of the shore of
Hudson Bay, to western Alaska, inclucling the Aleutian Islands.
Esselenian: Coast of California from Monterey Bay to Santa Lucia Mountain.
Iroquoin: The St. Lawrence River region north of Lake Erie, northern Pennsylvania,
State of New York, the lower Susquehanna in Pennsylvania and Maryland, northeastern North Carolina, southwestern West Virginia., western North Carolina,
an(l most of Kentucky and Tennessee.
Kalapooian: Valley of the Willamette River, Oregon.
Karankawan: Texas coast around Matagorda Bay.
Keres an: Upper Rio Grande, and on the Jemez and San Jose rivers, New Mexico.
Kiowan: Upper Arkansas and Purgatory rivers, Colorado.
Kitunahan: Cootenay River region, mostly in British Columbia.
Koluschan: Northwest coast from 55° to 60° north latitude.
Kulanapan: Russian River region, and California coast from Bodega Heafl north to
about latitude 39° 30'.
Kusan: Coast of middle Oregon, Coos Bay and River, and at the mouth of Coquille
River, Oregon.
Lutuamian: Region of Klamath Lakes and Sprague River, Oregon.
Mariposan: Interior of California, east of the coast range, and south of Tulare Lake
in a narrow strip to below Tulare Lake, north as far as the Fresno River.
Moquelumnan: Interior of California, bounded on the north by the Cosumnes River,
on the south by the Fresno, on the east by the Sierras, and on the west by the
San Joaquin; an area north of San Francisco and San Pablo Bays as far as Bodega
Head and the headwaters of the Russian River.
Muskhogean: The Gulf States from the Savannah River, and the Atlantic west to
the Mississippi, and from the Gulf to the Tennessee River.
Natchesan: On St. Catherine Creek, near the site of the present city of Natchez.
Palaihnihan: Drainage of Pit River in northeastern Califomia.
Piman: On the Gila River, about 160 miles from its mouth, and on the San Pedro
in Arizona, and in Mexico on the Gulf of California.
Pejunan: California; east bank of the Sacramento, about 100 miles from its mouth,
north to Pit River, eastward nearly to the borders of the State.
Quoratean: Lower Klamath River, Oregon, from Hap~y Camp to the junction of the
Trinity and Salmon River valley.
Salinan: Region around the San Antonio and San Miguel missions, California.
8alishan: Northwestern part of Washington, including Puget Sound; eastern Vancouver Island to about midway its length; coast of British Columbia to Bute
Inlet; and the region or' Bentinck Ann and Dean Inlet.
Sastean: Middle Klamath River, northern California.
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Shahaptian: Upper Columbia River, and its tributaries in northern Oregon and
Idaho and southern Washington.
Shoshonean: Occupying generally the Great Interior Basin of the United States, as
far as the Plains, and reaching the Pacific in Los Angeles, San Bernardino, and
San Diego counties, California.
Siouan: The Dakotas, p:uts of Minnesota, Wisconsin, Iowa, Nebraska, Kansas, Missouri, Arkansas, Indian Territory, with isolated colonies in Alabama (Biloxi),
the Carolinas (Catawba), and 1orc1ers of Virginia and North Carolina (Tutelo).
Skittagetan: Queen Charlotte Islands, Forester Island, and southeastern part of
Prince of \Vales Islancl.
Takilman: Oregon coast about the lower Rogue River.
Tafioau: Rio Grande and tributary valleys, from about 30° to about 36° 30'.
Timuq uanan: Florida.
Tonikan: Lower Yazoo River, Mississippi.
Tonlmwan: Western and southwestern parts of Texas.
Uchean: Lower Savannah River and perhaps the South Carolina coast.
\Vaiilatpuan: Lower Walla Walla River, Oregon, and about mounts Hood and Jefferson.
Wakashan: West coast of Vancouver Island and northwest tip of Washington.
Washoan: Eastern base of the Sierras, south of Reno, Nevada, to the lower end of
Carson Valley.
'Veitspekan: Lower Kbmath River, Oregon, from the mouth of the Trinity.
Wishosk:tn: Coast of California from ,just below the mouth of Eel River to a little
north of Mad River.
Yakonan: Along the lower Yaquina, Alsea, Siuslaw, and Umpqua rivers, Oregon.
Yanan: Chiefly in the southern part of Shasta County, California.
Ynkian: Round Valley, California and west to the coast.
Yuman: Lower California; the Colorado from its mouth to Cataract Creek; the
Gila and tributaries as far east as the Tonto Basin, Arizona.
Zufiian: A small area on Zufti River, western New Mexico.
MIDDLE AMERICAN STOCKS.

Aztecan: Slope of the Pacific coast from a, bon t the Rio del Fuerte, in Sinal or, N. lat
26° to the frontiers of Guatemala, except a portion of the isthmus of Tehnantepec.
Dr. Brinton makes this a branch of the Ute-Aztecan stock undel· the name of
Nahualtecan.
Chapanec: Chiapas, Mexico.
Chinautec: Oaxaca, on the frontiers of the province of Veri.~> Cruz.
Guatuso: Upper waters of Rio Trio, Nicaragua.
Huave: Isthmus of Tehuantepec, on the Pacific Ocean.
Lenca: Central Honduras.
·
Matagalpan: Nicaragua, in and around the department of Matagalpa, Segovia, and
Choulales .
.Maya: Yucatan, Guatemala, and Tabasco.
Otomi: States of Queretaro and Guana,jnato, Mexico, from the valley of Mexico to the
Rio Verde. On the west it adjoined the Tarascas ofMichoacan; on the east th~
Huastecs of Panuco.
Rama: Bluefield Lagoon.
Subtiaba: Near the modern city of Leon, in Nicaragua.
Tarascan: State of Michoacan, west of the valley of Me.s:ico ,
Tequistlatecan: Oaxaca, on Pacific coast.
Totonacan: Territory of Totonica.pan, now in state of Vera Cruz.
Ulva: Head waters of streams emptying along the Mnsquito coast.
Zapatec-Mixtec: Oaxaca, Mexico, and adjoining regions.
Zoque: Isthmus of Tehuautepec and adjacent portions of Chiapas i:llld Qa,l\.~C:~,
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SOUTH AMERICAN tiTOCI\o,

Aliculuf : Terra del Fuego.
Araua: On the Jurua, Madeira, and Parus rivers, Brazil.
Arawak: Most widely disseminated. From head waters of the Paraguay River, along
the highlands of southern Bolivia to the Goajiros Peninsula, and thence winclude all the Antilles, both Greater and Lesser.
Atacamuian: About 20° to 23° south in the vicinity of Atacama, west coast.
Aucauian: Both sides of the Andes, in Chili, and on the Pampas.
Aymara: Peru and Bolivia, about Lake Titicaca.
Barbacoa: Colombia, about 1° and 2° north latitude.
Betoya: Foot of the mountains of Bogota, in Orinoco drainage.
Canichana: On the river Mamore between 13° and 14°, Bolivian highlands.
Caraja: Affluents of the Aragnay, province of Goyas, southern Brazil.
Carib: Lesser Antilles, Carib by Isla,nd, and mainland of South America from mouth
of Essequibo River to the Gulf of Maracaibo.
Catamarena: Gran Chaco, Catamarca.
Chauguina, or Dorasque tribes: Isthmus of Panama, on river Puan.
Charrua: Gran Chaco plains, stretching from the banks of the Parana to the sea-coast.
Chibcha: In both directions from the Isthmus of Panama, specially throughout New
Granada (Colombia).
Chiquito: Bolivian highlands, between 16° and 18° south.
Choco: Isthmus of Panama, eastern shore of the Gulf of Uraba, and much of the
lower valley of the Atrato.
Churoya: Orinoco basin, above the falls of the Guaviare, and along the Rio Gnijnr
and the Meta.
Cocanuca: Southern Colombia.
Cuna: Isthmus of Panama from Gulf of Uraba to the river Charres on the west.
Guaycuru: Gran Chaco, on the Paraguay and the Pilcomayo rivers.
Jivaros: On the mountain slopes of the Cordillera, on the Maraiion River, Brazil.
Kechua: Spoken by an unbroken chain of tribes for nearly 2;000 miles from 3° north.
to 32° south on the western border of South America, chiefly in Peru.
Lama: On the river .Javary, Brazil.
Lule: Vermejo and Pilcomayo rivers, Gran Chaco.
Maina: Upper Maraiion, Brazil, and in the uplands around Cerros de Mamas,
Mataco: Vermejo River, Gran Chaco.
Mocoa: Columbia, between 1° and 2° north, along Rio de los Engaiios or Yari.
Mosetena: BoHvian highlands, on the banks of the Mamore and Chavari rivers.
Ond: Terra del Fuego.
Paniquita: Columbia, north and west of the Chibehas.
Panel: Upper Ucayale River, Peru.
Payagua: Paraguay River, Gran Chaco.
Peba: Javary River, Brazil.
Puquina: On the islands and shores of L. Titicaca.
Samuca: On the northern border of the Gran Chaco, between 18° and 20° south.
Tacana: Bolivian highlands, on the banks of the rivers Mamore and Chavari.
Timote: Venezuela, Merida, south of the plains in the interior from Lake Maracaibo.
Tupi: Along the seaboanl from the mouth of the La Plata to the Amazon and far up
the streams of the latter.
Tapuya: Most ancient and extensive now living in Brazil. From 5°-20° south, am1
from the Atlantic to the Xinger River.
'rzonecan: Patag mia. The Patagonians call themselves Chonek, or Tzoneca, or
Inaken.
Yahgan: Tierre del Fuego.
Yuuca: Peru, near tho sea} botween5° and 10° south.
Yurucari: Bolivian highlands, on the banks ofthe Mamore and Chavari.
Zaparo: One of the most extended stocks in the upper valley of the Amazon.
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The Hemenway Southwestern Arch::eological and Ethnological expedition began to bear fruit in the publication of a "Journa,l of American Ethnology and Archceology," edited by J. Walter Fewkes, conductor of the expedition. This will be followed by other volumes,
putting on permanent record the results of Mrs. Hemenway's liberality
during a series of years in sustaining the researches of Cushing and
Bandelier, and subsequently of Mr. Fewkes. The first volume relates
especially to Zuni.
An ethnographic contribution not to be ignored is a series of papers
by Dr. Ernst, of Caracas, Venezuela, on the aborigines of that republic, published in the Boletin del Ministerio de Obras Publicas. In the
same journal Dr. G. Marcano contributes a series of papers on the preColumbian ethnography of Venezuela.
The publishers of our latest encyclop<Bdias, such as Johnson's,
Chambers's, Stanford's, Cassell's, etc., have earned the gratitude of
ethnologists by employing men of aeknowledged ability to prepare the
descriptive articles on tribes and peoples. The geographic societies
also have borne a conspicuous part in collecting and preserving data
for future compilations regarding ethnology. Especif1lly useful in
these studies are the Journal of the Anthropological Inst,i tute of London, L' Anthropologie of Paris, and the Zeits.chrift and Verhandlungen
of the Berlin Anthropological Society.
LANGUAGE.

In his lecture entitled "Du cri a la parole," delivered in l'Ecole
d'Anthropologie de Paris, and published in the first number of the
Revue Mens~telle, the following conclusions are reached by the speaker:
Animals are already in possession of two distinctive elements of language: (1) the spontaneous, reflex cry of emotion and of want, and (2)
the intentional cry of advertisement, menace, or appeal. From these
two sorts of sounds man, endowed with a vocal apparatus still more
perfect and cerebral faculties less limited, has created a great number
of variants by means of prolongation, reduplication, and intonation.
The cry of appeal is the germ of demonstrative roots prelude to pronouns, names of number, sex, and distance; the emotional cry, of which
our interjections are only the debris, combining with the demonstratives,
prepare the outlines of the proposition and form the verb and the noun
of action and of state. Imitation, direct or symbolical (necessarily
only approximative) of the noises of surrounding nature, in a word,
onomatopmia, furnishes the elements of attributive roots out of which
are to grow names of objects, special verbs, and their derivatives.
Analogy and metaphor complete the vocabulary in applying to phenomena of touch, sight, odor, and taste qualifieatives derived by
onomatopmia. Then comes reason, which eliminating the greater part
of these inconvenient riches, adopts a greater or less number of sounds
already reduced to one vague and generic sound. Then by derivation,
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suffixing, composition, it causes to spring out of these root-sounds
indefinite lines of words, which are of all degrees of relationship among
themselves, which grammar proceeds to distribute into categories,
called parts of speech. It can be shown bow the grammatical forms,
casual and personal terminations, shades of conjugation are produced
by atrophy of syllables affixed or suffixed to the radical syllable. A
certain part of the development of language is also due to a sort of
blind force, to nature, as we say, and part to intelligence, either individual or collective. The constitution of grammar detaches linguistics
from zoolog·y properly so called and brings it within the area of history.
But this historic area cannot in any manner be shut off from anthropology, for it is only an appendix to natural history.
Dr. Dorsey's volume on the Oegiha language, though bearing date
1890, did not appear until late in 1891. Furthermore, although it is
entitled "The Oegiha Language," the work is devoted especially to
myths, stories, and letters, and gives, with text, interlinear translation,
and free rendering, nearly two hundred and :fifty separate literary productions. This embraces the work of many years, and will furnish to
the folk-lorist, as well as to the philologist, ample material for study and
comparison. The Oegiha language, as used in the volume, refers to the
speech of the Omaha and Ponka tribes of the Siouan linguistic family.
The author's researches began among the Oegiha in 1871, and have
been carried on unremittingly ever since. During the last twelve years
he has been connected with the Bureau of Ethnology in Washington,
where his opportunities for study have been unlimited. Special attention is also called. to Pilling's bibliography of the Algonkian, Gatschet's
Klamath, and Riggs's Dakota dictionary.
The Semitic department of Harvard University, in addition to the
linguistic courses in Hebrew, Aramaic, Assyrian, Ethiopic, Arabic,
and Phcenician, has established Semitic conferences, a Semitic library,
a series of prizes for the encouragement of Semitic studies, and a course
of lectures on studies allied to the department. Most significant in
this connection is the establishment of a Sf'mitic museum, through the
generosity of Mr. Jacob H. Schiff. Here already are assembled many
originals, casts, manuscripts, coins, and photographs, illustrating the
writing and the history of Babylon, Assyria, Phcenicia, Palestine,
Arabia, and other Semitic lands. The generous donor has also provided means of enlarging the collection.
TECHNOLOGY.

In his course of lectures on prehistoric industries
tillet makes this neat classification of tools:

~L

I. Cutting tools.
lThe knife, scissors, or sh ears.
.
.
Actmg hy presstHf'. - - · · -- - -- · - · · · · · · · · · · · · · - · · The ilrawing knife .
.A · b
bl
The ax or hatchet, t h e ad ze.
ctmg Y a ow- · ·-- .. ·· · ·--··---··-··· .... .. Tho chisel or gouge .
.Acting by friction ..... ... ... ... . ... . ... ... ... . The saw.

Adrien de Mor-
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II. Ra8ping iool8.

The scraper (racloir et grattoir).
Acting by pressure and l:ty friction ...... ....... {The rasp and the file.
'
P()lishers, whetstones, burnishers, and smoothing tools.

iii. Striking and m·ushing tools.
Acting by a blow_ .. __ ......................... The hammer.
·
• t'
1·
-" b f · t'
5Crushers, to break like flax .
.rtC mg >Y pressure anu
Y nc lOn .. · .. - .. ···'(Grinding stones, mills.

IV. Perforai'ing tool8.
Acting by a blow._. __ ......................... The pick-ax.
5Bodkins, awls, piercers, gimlets. augers, etc.
.
b
,,. f · t'
A c t mg
y pressure anc1 uy nc 1011.--.---- ···'(Drill, borers.

An excellent example of the profit to be derived from the care and
publication of the material of the older explorers is Mr. Charles H.
Read's paper on the collection of ethnographical specimens found
during Vancouver's voyage, 1790-1795, plate xi, in vol. xxr, Journal
of the Anthropological Institute. This plate shows a Mexican atlatl,
or throwing stick, but very short, from Lower California, to be held in
either hand, as distinguished from the .Alaskan specimens made for
either hand. The bows are from Oregon or Washington.
The curator of the department of ethnology in the U. S. National
Museum has instituted and encouraged a series of experiments so as
to reproduce with facility all savage arts. In the .American .Anthropologist, with the collaboration of several other members of the society,
the entire technique of the arrow is worked out. The same process
has been followed with fire-making, bow-making, basketry, and the
manufacture of stone)mplements, by Messrs. Hough, Murdoch, and
:McGuire. Mr. Holmes's papers on so-called paleolithic implements
should be here included. It is held that in this way alone can modern
ethnology be made to offer true explanations of the mode of life among
ancient primitive peoples.
A model description of an art is Mr. Thomas Wardle's paper in the
.Journal of the Society of .A..rts on the Tussur sj)k of India and China.
It is difficult to say whether in the natural history of the moths, the
elaboration of the art, or the description of the native silk culturist the
author is most happy. Not only the Indian moths are described but
an extended list of silk-producing lepidoptera is brought to the present date. The methods of treatment by extremely simple native processes is furnished, along with European treatment. The ethnologist will be charmed with the account given of the Santals.
M. Philippe Salmon has constructed an elaborate table of the subdivhlions of the neolithic period of the Stone .Age, especially in France
(Rev. Mens. de l'Ecole d' Anthropologie, Paris i, 26), dividing it into
(1) Carnacean (Carnac, Morbihan); (2) Chasseo-Robenhausian (Chassy
andHobenhausen); and (3) Champignienne (Champigny). The finesse
of this division is too great for repetition here and one wonders whether
the lines of demarcation will not disappear with further exploration.
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A much more useful analysis of the palmo-etbnic period in Europe is
that of M. G. de :Mortillet in Revue Mensuelle, given below:
Classification palethnoloyique by a, {to Jf01'tillet,
TempR.

Ages.

;-

1

Periodes.--~-~-~

Mi'>roVit1gimme.

:l<;poques.

Wabetiletine.
Franque.-Burg-onfte.
II Germanique.

I Cbampfloliennc.
I

I

I Romaine.

~-L;gduni~n~

------~~

' dn Fer.

I

Decadence Romaiue.

Beau temps

~o~ai11. ~

, Marnienne.
G:mloise.

I

, Actuels.

Uala tienn c.
Etrnsque.

1

I 3e Lacustre.
1

I Hallstattienne.

I

----1

Des Tumnlm;.

I P• clu Fer.

I

Larnaudicnnc.
2 · Lacustrc, majenre partie.
cln Bronze.

: Boht>mienne.
Morgienne.
1

1

j

ItobenhausiemJP.
Des Dolmens.
Ire Lacustre.

~

Campignienne.
Des KjoekkenmocdrlingR.

I

I

1

2< Lacustre, partie.

N6olithiqnc.
PiPJTe pollf'.

I

1I

::\t:agclali'>uiennt•.
Des CaYernes, majeure partie.
Du 1-{enne, presque totalitt'•.

Solntreeune.
, Du Renne et clu Mammon tit, partie.
:Thfcnchccourienne.
1

1

de la Pierre.

Pah"olithiqne.

i 'Pierre taillt•e.

I Mousterienne.
I

Dn Grand Our;-; tl<·H ca\·erneH:
Acheul(•<•mw.
D11 JHammonth, partie.
De I'Elephcw ant·i qtms, fiu.

I

1---w

..-l'ertairHs.

]

~~c
0

__
I __

Eolitl1iqnc.

Chelleennr.
De 1' Elephas ant1:1Jutts.
PnycoLunicnue.
l\JiocE-ne superieur .
Tbenaisienne.
Mio<:tme inf('riPnr.
Oligoct'nw..

~I

!I

!.
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A remarkable series of lucky finds were made on the Hopew·ell farm,
near Chillicothe, Ross County, Ohio, by Mr. Warren K. Moorhead, director of theWorld's Fair arch::eological expedition at that point. Not
only were new forms of objects discovered, but old forms were collected
by thousands. The exciting part of the exploration was the finding
of hundreds of copper objects, many of them of such uniform thinness
as to raise the question of their European origin.
The Drexel Institute, founded in Philadelphia by the liberality of Mr.
Anthony J. Drexel, will be devoted to the encouragement of technical
industries. The museum will be administered on the plan of South
Kensington.
Before the Tennessee Historical Society the Ron. Gates P. Thurston
delivered a short course of lectures on the arch::eology of Tennessee,
SOCIOLOGY.

Economic science as a branch of sociology is the all-absorbing study
of the time. There is not space to enumerate the separate books and
papers on this subject, but every reader should know the general resources of the study. Section F, British Association, Economic Science and Statistics List of Papers, p. xix.
Among the political leaders of France, as well as in the Societe
d' Anthropologie, no other question seems to be of such importance as
that of the decrease in natality throughout the Republic. M. Chervin
sums up the results of an inquiry in the department of Loir-et-Garonne
in the Bulletin de la Societe d'Anthropologi~ (4 ser., n, 42-78). There
results the demonstration that in this rich department it is the most
wealthy that have the smallest number of children, and in the most
thriving part of the department the average of children to a family is
one. Among the causes of this paucity M. Chervin finds that the wellto-do peasant and farmer wills it to be so, and be believes that no legislation will effect a radical change. Believing that quality and that
early deaths become a potent factor in the decline of population, to M.
Uhervin the saving and perfecting of lives already created is the feasible method of strengthening the population. Assistance and hygiene
are the practical methods of relief.
M. Bertillon (id., 366-385), regarding the terrible dangers to which
the phenomenally low natality in France exposes her, and believing
that the evils of alcoholism, tobacco, and syphilis have only a subsidiary
influence, makes the following statement: "That which renders the
natality of France so feeble is the voluntary sterility of families having some property. Such families are exceptionally numerous in
France. They know that the sure way to keep their property is to
have only one child, and a sure way to lose it is to have more than two.
One way, therefore, to save France is to remove the cause of feeble natality and to make it more desirable in the way of relief from taxation
and increased security of property to have three children than one." In
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the older settlements of our own country attention has frequently been
called to the decline in the number of large families.
Dr. Robert Fletcher has brought together, in his address before the
Anthropological Society of Washington as retiring president, the results of a careful study of the new school of criminal anthropology.
By criminal anthropology is meant the study of the being who, in
consequence of physical conformation, hereditary taint, or surroundings of vice, poverty, and ill example, yields to temptation and begins
a career of crime. It is to study the anatomy, the physiology, the
hygiene of the criminal, his productivity, his capability of amendment, to examine into his condition, and to recognize his rights.
An indispensable work to students of the history of human marriage
is Edward Westermarck's work, published byl\'facmillan. The author,
it is true, is at issue with almost every school of anthropology, and for
that reason presents the subject from a new point of view, but he has
brought together a vast amount of material, and his list of authorities
quoted amounts to a full bibliography.
The pedagogic problem has been taken up from the side of anthroJ)Ology. P resident G . Stanley Hall, of Clark University, Worcester,
Mass., has established a new journal, entitled "The Pedagogical Seminary," as an international record of educational literature, institutions,
and progress. The second number of vol. r, is devoted largely to
children and adolescents, and deserves that the contents be given
bodily :
Editorial. G. Stanley Hall.
Notes on the study of infants. G. Stanley Hall.
Contents of children's minds on entering school. Id.
The moral and religious training of children and ail.olescents. ](l
Childrens' lies. Id.
The study of adolescence. Mrs. H. Burnham.
Observations of children at the Worcester Normal School. Id.
Anthropological investigations of schools. J?. Boas.

Reviews are also given of the following:
The story of a sandpile. By G. Stanley Hall, June, 1888.
Boy life in a Massachusetts town a quarter of a century ago. I d. Proc. Am. Antiq.
Soc., 1890, p. 107-128.
Rudimentary society among boys. By John Johnson. Overland Monthly, and .J obns
Hopkins Hist. aml Polit. Studies, 1884.
Observations on college seniors. By A. E. Kirkpatrir-k. Am. J. of Psychol., 1890,
168 pp.
Physical training in American colleges and universities. By E. M. Hartwell. Circular of Informn,tion, Bureau of Education, No.5, 1885, 183 pp.
Physical trr.ining conference. Jcl. Boston, 1889, p. 155.
Physical and industrial training of criminals. By H. D. \Vey. Indm;trial Ecluc.
Assoc., N. Y., 1888, p. 50.
0Yerpressure in the high schools of Denmark. By Dr. Hirtel. London, 1885. 148 pp.
The growth of children. By H. P. Bo,vditch. Eighth An. Rept. Mass. Bd. of Health,
Boston, 1877; also Tenth An. Rept.
Why do we measure mankind! .Francis Galton. Lippincott's, February, 1890; also
the reports of Mr. Galton's laboratory work and measuring apparatus.
Cambridge anthropo:::netry. By John Veron. J. Anthrop. Inst., xviii, 140 pp.
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An an'thropological cabinet for pedagogic purposeR. P1·of. Sergi, of the Univ. of
Rome. Education, Sept., 1886.
Mental association investigated by experiment. By Catr.ell and Bryant. Mind, XiY,
230.
The children: How to study them. By Francis w -arner. Lomlon, 1887. 80 pp.
Experiments in testing the character of school children. By Mrs. Sophie Bryant.
J. Anthrop. lust., xv, 338.
Mental imagery. Francis Galton. Inquiries into human faculty, p. 83.
Eye-mindedness and ear-mindedness. By Jos. Jastrow. Pop. Sc. Month., xxxiii, p.
597.
A study in mental statistics. J os. J as trow.
Replies by teachers to questions respecting mental fatigue. Francis Galton. J.
Antbrop. Inst., 1888, p. 157.
On the principle and methods of assigning marks for bodily inefiiciency. F. Galton,
Nature, Oct. 3, 1889.
Ueber Schulwanderungen. 0. Lomberg. Elberfelcl, 1887.
Notes on studies of the language of children. By E. C. Sanford.
Die Stipenclein nnd Stiftungen, Convicte, Freitische, etc., in allen Universitaten
des deutschen Reichs. Dr. Max Baumgart. Berlin, 1885, p. 760.
Grundsatze uncl Bedingungen der Ertheilung der Doctorwurde, etc. Baumgart,
Berlin, 1888, 328 pp.
Die Reform der Doktorpromotion. Max Oberbreyer, Eisenach, p. 155.
Allgemeiner deutschen Hochschulen. R. Kukula. \Vien, 1888, 1,000 pp.
Lehrbuch der Erziehung und Unterrichts mit besonderer Beriicbsichtigung der
psychologischen Grundlagen, etc. F. Deutz. Karlsruhe, I in 1887, xr in 1890.
Gesinnungsunt;erricht und Kulturgeschichte, E. von Sallwurk, Langensalza. Beyer
& Sohne, Die padogogische Pathologie oder die Lehre von den Fehlern der
Kinder. L. Strumpell. Leipzig, 1890, vi 225 pp.
Die Erziehungschule nach psychologischen Grundsatzen, E. Doring.
Conference sur l'enseignement, F. Horridge, 1890; La Science de l'ensmgnemcnt; id.,
1888, Paris, A. Rousseau; L'Enseignement commercial et les ecoles de commerce
enl<-..rance et dans le Monde entier. E. Leautey, Paris, 1786, 774 pp.
un lycee sons la troisieme Republique, P. Verdun. Paris, 1889, E. Deutur, 462 pp.
Manual training in France, A. Salicis, N. York, 1890.
Report of the Indian Education Commission, Calcutta, 1882, Gov. Print., 639 pp.
History of indigenous education in the Panjaub since annexation and in 1882, G.
Leitner, Calcutta, 1883.
A new review of National education, H. Biggs, London, 1890,117 pp.
A plea for pure science, H. A. Rowland, Proc. A. A. A. S.
Suggested reform in Public Schools, C. C. Catterill, Edinburgh, 1i'85, 178 pp.
University extension, S. T. Skidmore, Lippincott's Mag., Oct., 1890.
Year Book of learned Societies in Great Britain and Ireland, London, 1885, 231 pp.
La decadenza dell' Universita Italiana, T. Martello, Bologna, 1890, 138 pp.
Das Schulwesen Italiens, besonders die Realscbulen Jtaliens im Jahre 1878, Max
Strack, Leipzig, 1878, 80 pp.
Raccolta completa eli tcsti di legge, decreti, etc., BTuto Amanto, Roma, 1890, 470 pp.
Statistica dell' Instruzione secondarie superiore, Roma, 1889.
Stato eli provisione della Spesa, etc., Roma, 1887, 255 pp.
Guida de' Comuni e de Maestri Bruto Amante, 2cl eel., 1890, 253 pp.
L'Universite de Bruxelles, L. Vanclerkinclere, Brnxelles, 1884, 216 pp.
Rapport triennial sur l'etat de l'enseignement moyen en Belgique, Bruxelles, 1887,
clxv 248 pp. ; also, L'Instruction Primaire, ccxlh, 762 pp.
Conseil de perfectionnement de l'instruction primaire, Bruxelles, 1883, 79 pp.
Entwickelung und Gestaltung des belgischen Volksschnlwesens seit 1842, :M. Lauer,
Berlin, 1885, 194 pp.
Annuaire de l'Universite Catholiqne de Lonvain, 1890, xcviii, 4-19 pp.

SUMMARY OF PROGRESS IN ANTHROPOLOGY IN 1891.

459

Ministerc de !'instruction publique. Recueil des lois et arretes relatifs a l'enseignement superieur, Bruxelles, 374 pp.; also Annuaire statistique, 20th year,
twenty volumes (also other Belgian documents of a pedagogic character).
L'Abeille. Revue pcdagogique, etc., Brnxelles (in 1891, 36th volume).
Annnario de la Sec cion de Instruccion pl'iblica, f:antiago de Chile, No. 112, 1890,
381 pp.
Congreso nacional pedagojico, Santiago de Chile, 1890, 274 pp. Also Memoria del
Ministro de Justicia e Instruccion publica. 7c., icl., 368 pp.
Revista de Instruccion primaria, Santiago de Chile, 170 pp. (Also other public
Chilean <locuments).
Etude Geographique, stat1stique, descriptive et llistorit]ne tles Btats mexicaius, A.
G. Cubas, Mexico, 1889, 411 pp.
Pedagogicheskiy Mozey Vocnno-uchebnuh zavedney, 1888-90, St. Petersburg (20th
and 21st Annual Report pedagog Mus.) Also educational maps of Russia.
Verslag van den Staat der hooge, middclbare en lagere scholen in het Koninkrijk
der Nederlanden, over 1888-89, 's Gravenhage, 1890, 458 pp.
Anuario Estadistico de lnstruccion Publica, 1889. Madrid, 1890, 409 pp.
Memoria presentada al Congreso Nacional de 1890. By D. A. Alorta, Buenos Ayres,
1890. 3 vols.
El Real Colegio de San Ignacio de Loyola, Mexico, 1889, 244 pp., appendix, 130 p.
Recherches sur les mouvements chez quelques jeunes enfants, Binet, Rev. Philos.,
Mass., 1890. La perception des longeurs et des nombres chez quelques petits
enfants; i£l. Guillet.
Perception des enfants, icZ., dccembre.
Ueber Geistesstorungen in der Schule, Ch. TJfer, Wiesbaden, 1891.
A report on the examination of 100 brains of feeble-minded children. A. ·w. vVilmarth, Alienist & Neurologist, Oct., 1890.
The growth of children. G. W. Peckham, MilwauKee, 1881, vVisconsin Board of
Health.
Foreign miscellanies, by the editor.
FOLK-LORlii 1 MYTHOLOGY, AND ITIEROLOGY.

The third annual meeting of the American Folk-lore Society was
held at the Columbian University, Washington, D. C., on Tuesday and
Wednesday, December 29 and 30. This meeting of the society was of
especial interest on account of the co-operation of the two anthropological societies of ~T ashington in giving to the sessions a scientific turn.
The papers were mostly upon American aboriginal lore. The organ
of the society, the Jottrnal of Arnerican Folk-lore, edited by W. W.
Newell, devotes much space in each number to bibliography. Branches
of the American Folk-lore Society are the Louisiana Association of
the American Folk-lore Society and the Boston Association of the
American Folk-lore Society. An independent organization is the Chicago Folk-lore Society, and there is also a folk-lore section of the
Museum of Archffiology of the University of Pennsylvania.
The meetiug of the International Folk-lore Congress, at Burlington
House, London, in October, and the third annual meeting of the American Folk-lore Society in Washington in December, were important
events in the evolution of that science. Regarding folk-lore as the
archffiology of thought and custom, the presidents of both gatherings
dwelt on the fact that the mere dilettante collecting stage bad now
been passed and folk-lorists were engaged in a serious bu:siness.
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The science of folk-lore has been very much strengthened in Germany by the founding of Zeitschr·i ft des Vereins fiir Volkskunde, which
is a new branch of Lazarus a1Jd Stanthal's Zeitschrift fiir Volkerpsychologie und Sprachwissenschaft. The carefully prepared bibliography
of journals and other works relating to this science accompanying each
number obviate the necessity of repeating here the title of every paper
that has appeared on this subject.
The friends of the study of comparative religion conducted in the
University of Pennsylvania a loan collection of objects used in religious ceremonies, including charms and implements used in divination. The basis of the exhibition was a col1ection of Oriental idols
of the Board of Foreign Missions of the Presbyterian Church of the
United States. This is, so far as reported, the :first attempt to set up an
exhibition of this kind, and could be repeated in almost every city of
the United States with happy results, not only with religious objects,
but also to illustrate any class of anthropological concepts.
The lectures of Count Goblet d'Alviella on the origin and growth of
the conception of God as iJlustrated by anthropology and history, in
the Hibbert Uourse for 1891, define the limits within which the study
of religion may be considered a part of the natural history of man.
In these summaries the subject has been made to include the creeds
and cults of men and of the world. From the side of the spirit world,
the study has been called daimonology, but this term is entirely too
narrow. Count d'Alviella employs the word "hierography" as including the study of both creeds and cults. The elements common to all
organized religions are:
(1) The belief in the existence of superhuman beings who intervene
in a mysterious manner in the destinies of man and the course of nature.
(2) Attempts to draw near to these beings or to escape from them,
to forecast the object of their intervention and the form it will take, or
to modify their action by conciliation or compulsion.
(3) Recourse to the mediation of certain individuals supposed to
have special qualifications for success in such attempts.
(4) The placing of certain customs under the sanction of superhuman powers.
Primarily, religion is defined as "the conception man forms of his
relations with the superhuman and mysterious powers on which he
believes himself to depend." Further on and growing out of this conception are'' the acts which man's primitive conception of superhuman
beings and his relation with them lead him to perform."
Commencing with primitive animism, these conceptions have arisen
through polydemonism and polytheism, through dualism to monotheism.
ThP; outlook in this author's mind is most cheering. On the other hand,
the teachings of the Ecole d' Anthropologie are to the effect that under
the clear light of srience all religions will be banished from the world.
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225-232.
ALLEMAN, L. A. W. Optics as related to evolution. New York, Appleton, 260-294 pp.
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6, 7, 1886.
American Academy of Political and Social Science. (Station B) Philadelphia, Pa.
The annals of the American Academy of Political and Soc. Science Bimonthly,
started July, 1890. The Philadelphia Social Science Association was merged
in this society in 1889.
American Anthropologist. Organ of the Anthropological Society of Washington.
By the society. Quarterly. Abstracts of trans. Transactions, vol. r,--vol. -,
1887. Am. Anthropologist, 1888, vol. I; 1891, vol. IV.
American (The) Anthropometric Society. Philadelphia. Dr. \Vm. Pepper, secretary.
(The members direct that at their death accurate recorus of their cerebral
topography be made.)
American Adiquarian and Oriental Jomnal. Bimonthly illustrated journal. Editor
S. D. Peet, Avon, Ill. Chicago, 1878-1891; vol. I-XIV.
American Antiquariau Society, Worcester, Mass. Arch::eologia Americana. Transa~tions ancl collections of the American Antiquarian Society; v, vn, Worcester,
1885. 0. Proceedings, v. III, Oct. 3, 1884; Hol. VI, April 3, 1890. Cambridge,
Mass., 1885-'90. Report of the council, Oct. 23, 1889.
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American Archreological Association. A. B. Farnham, secretary, Bennings, D. C.
American Association for the Advancement of Science. (F. vV. Putnam, permanent
secretary, Salem, Mass.) Proceedings, Annual, v. xxxn, 1883; v. xxxrx, 1890.
American Catalogue (The). Founded by F. Leypoldt, 1884-1890. Books recorded
(including reprints and importations), July 1, 1884; June 30, 1890. Compiled
under the editorial direction of R. R. Bowker, lJy A. I. Appleton and others.
I. Author-and-title alphabet. II. Subject alphabet, etc. Nev;r York office of
Publisher's Weekly.
American Catholic Historical Researches. A quarterly magazine. Philadelphia, 18881891, M. I. J. Griffin.
American Dental Association. Instructions, tables, and diagrams for t,be examination ofhuman crania. Series A., n. p., 1011., obl., fol.
American Economic Association, Baltimore, Md. Publications; contributions.
American Folk-Lore Society, Boston, Mass. J. Am. Folk-Lore (quarterly); v. r,
1888; v. III-IX, 1890. Houghton, M., & Co.
American Geographical Society, 11 West Twenty -ninth street (Elliott F. Hall,
secretary), New York City. Bulletin v. 16; 2, 1884; v. 22-f2, 1890. (Forms
joumal when yearly volume is completed.)
American Historical Association. U. S. National Museum, Washington, D. C. (A.
H. Clarke, assistant secretary). Papers. 8vo. v. I , 1884; v. IV, 3, 1890. Putnam. Cont., v. 1, No. 1. Sept. 9-10, 1884; v. 4, No. 1, Dec ..• 1889.
American Institute of Christian Philosophy, New York. Founded in 1891. Publishes lectures and papers.
American Institute of Sacred Literature, New Haven, with local branches.
American Journal of Arehreology and History of Fine A:t;ts, 1.
American Joumal of Philology.
American Journal of Psychology (The). Prof. G. Stanley Hall, Clark Univ., Worcester, Mass. Quarterly, vol. I-IV; 1888-1891.
American Journal of Science. [For bibliography see Bolton:s Catalogue, SmUhson.
Pub's 514, p. 25.] New Haven. 8vo.
American Library Association, 330 Pearl st., New York.
American Museum of Natural History [Central Park, 77th st. and 8th ave. A. F.
Bickmore, sec.] N. Y. City. Bulletin, v. 1-6, 1884; v. 2-4, 1890. (Issued in
parts and signatures.) (Also Annual Reports.)
American Naturalist. A popular illustrated magazine of natural history. Monthly.
Philadelphia, vol. r, 1867; vol. xxv, 1891.
American Numismatic and Archreological Society. [101 E. 20th st., N. Y. City.]
Proceedings 27th meeting, 1884.
American Oriental Society. (C. R. Lanman, sec., Cambridge, Mass.; A. VanName,
lib., New Haven, Conn.) .Journal, v.ll, pt.2, 1885; v.13, 1889; v.14, 1890. 8vo.
American Philological Association. (Herbert Weir Smythe, sec., Bryn Mawr, Pa.)
Transactions, v. 15, 1884; v. 21, 1890.
American Philosophical Society. (104 South Fifth st., Philadelphia, Pa.) Proceedings, v, 21-114, 1884; v, 28-133, 1890. 8vo. Transactions, new series. v, 16, 2,
1888, 3, 1890. 4to.
American School of Classical Studies in Athens. Under patronage of the Archreolo··
gical Institute of America.
American Social Science Association. (F. B. Sanborn, sec., Concord, Mass.) J. of
Social Science. No. 19, Dec., 1884. No. 26, Feb., 1890.
American Society for Psychical Research. Proceedings, v, 1, 1885-'89.
American Society for the Extension of University Teaching. Philadelphia.
American Society of Church History. New York papers.
American Statistical Association. (David R. Dewey, sec. Institute of 'fechnology,
Boston, Mass.) Publications, new ser. No.1, 1888; No. 12, 1890. 8vo;
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Am Ur-Qucll. Mouatsschrift fiir Volkskunde. Ed. Friederich S. Krauss. "'\Vien.
vol. 1 in 18901 vol. JI in 1891.
Anales de la sociedad cieutifica Argentina, Buenos Aires, Coni.
Auales del Museo de la Plata.
Ana]es del Museo Michoacano. Ed. Nicolas Leon, Morelia, Mex. Escuela de Artes.
Vol. r,- vol.
Anales del Musco nacioual de Buenos Aires.
Anales del Museo nacioual de Costa Rica.
Anales del Museo nacional de Mexico.
ANDREE, RICHARD. Abcletiten von heute. Am Ur-Quell., vrr, 117-119.
- - - Die Begrabuisse der ,ietzt lebenden brasilianischen Eiugebornen. Verhandl.
d. Bcrl. Gesellsch. £. Anthrop., Berl., [24-30].
- - - Die Flutsagen. Braunschweig, Yieweg, XI+ 152 p., 8vo.
Ann ales de la societe d' Archiologic de Bruxelles. Memoires, rapports et documents.
Tome I-III, 1887-1889.
Annales de !'Extreme Orient et de l' Afrigue. Paris. Challamel.
Anleitung zur Deutschen Landes und Volksforschung. Stuttgart, Engelhorn.
Annales des sciences psychiques. Recueil d' observations et d' experiences, paraissant tons les deux mois. Directeur M. le Dr. Darieux. No. 1, v. I. Janvier,
Par. 8vo.
Annales du Mus~e Guimet. Paris, E. Leroux. See also Revue de l' Histoire des
Religions.
Annals of the American Academy of Political and Social Science. Philadelphia. Bimonthly.
Annuaire de la Societe d'ethnographie pour, Paris, Burdin et Cie, 48 pp. 16mo.
Annual Report of the American Historical Association.
Annual Report of the Bureau of Ethnology of the Smithsonian Institution: vol. VII,
Washington, Government Printing Office.
Annual Report of the Canadian Institute.
Annual Report of the Curator of the Museum of American Archmology in connection
with the Univ. of Pa. University Archmological Association, Phila. By the
council. Vol. I, No. 1, 1890-Annual Report of the Peabody Museum of American Archreology and Ethnology,
Cambridge, Mass. F. W. Putnam, director.
Anthropologie (L'). Ed. Mm. Cartailhac, Hamy, Topinard. Bimonthly. (Materianx
pour l'histoire de l'homme, Revue d'anthropologie, Revue d'ethnographie reunis.)
Paris, Chamerot. Vol. I, No.1, Jan.-fev., 1890; vol. u, 1891.
Antiqna. Special Zeitschrift flir priihistorische archaologie und einschlagige Gebiete.
Lohbauer. Monthly, Zurich and Strasburg. 1883, vol. I; 1891, vol. IX.
Antiquarisk Tidskrift fiir Sverige utgifven af Kgl. Vitterltets, Hist. och Antiqvitets
Akademien. H. Hildebrand. Bd. I-XII.
Antiquary (The). A magazine devoted to the study of the past. London, Elliot
Stock, Vol. XXIII, n. s., in 1891.
Antiquititten-Zeitschrift.
Appalachia, Boston, Mass. Vol. III, 1882-188± (1884), VI, 1890.
Archreo1ogical and ethnological papers of the Peabody Museum. Harvard Univ ,
Cambridge.
Archmological Institute of America. xiith annual report, 1890-'91. Boston, 1891,
Damrell and Upham. 68 p, 8vo. [A summary of all publications of the Institute on pages 64-68.]
Archido di psi chi atria. Torino, vol. I-XII.
Archmological Review. .J ourrHl1 of historic and prehistoric antiquities. 1888-1891,
vol. I-IV; London.
Archive!) cl~ J'cyp.thropologie oriminelle, l)f!.ris. 1886-1891; vol. I-VI.
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Archi v fii.r Anthropologie. Organ der deutschen Gesellschaft fiir Anthropologie,
etc. Braunschweig, Vieweg. 1866, vol. 1. 1891, vol. xx. Also Correspondenzblatt, Vols. I-XX and catalogues of Anthrop. literature. [See Bolton, Smithson.
Pub. 514, pp. 68.]
Archiv fiir Slavische Philologie. Vol. I-XIV.
Archivio per l'Antropologia e la etnologia. Organs della societa italiana di antropologia, etnologia e psicologia comparata. Ed. Paolo Mantegazza. Firenze.
Quarterly; Vol. I, 1871. Vol. XXI, 1891. [Bolton, Smithson. Pub. 514, p. 77.]
Archivio per lo studio delle tradizioni popolari, Palermo; 1882, vol. 1. 1891, vol. x.
Arena (The), Ed. B. 0. Flower. Monthly. Boston, Mass., 1891, vol. v.
Arkansas Historical Society, Little Rock, Ark.
ARREAT, L. L'heredite chez les plintres. Rev. phil., Par., xxxn, 155-167.
ARTHUS, MAURICE. Recherches sur la coagulation du sang. Rev. Scient., Par.,
1~91, XLVII, 179, 180.
AsHMEAD, ALBERTS. Pre-Columbian syphilis. Med. News, Phila., Lix, 511.
----Racial immunity and inoculation, N.Y., Med. Rec., .Tan. 10, 1-8.
Asiatic (The) Quarterly Review. London. Swan Sonnenschein & Co. Vol. I-XI.
Assaky, Topographia cranio-cereleala, Clinica, Bucuresci, 1890, I, 208, 235, 247, 272,
1891 i II, 10.
Association :Fran~aise pour l'avancement des Sciences, xxth session at Marseilles,
Sept. 17-26, P. H. Deherain, President. [Section of Anthropology.] Compte
Rendn.
~
Athemeum (The) Journal of English and foreign literature, science, etc., London.
Weekly.
Athenee Louisianais (l'), New Orleans, La. Comptes Rend us de l' Athenee Louisianais, Alfred Mercier, Sec.
A us allen V\7elttheilen.
Auslancl (Das) Ubuschau der neuesten Forschungen auf dem Gebiete der NaturErd-, u ; d Volkerkunde]. Ed. F. v. Hcllwald. Stuttgart. Vol. I, 1829; Vol.
LXIII, 1891. [See Bolton, Smithson. pub. 514, p. 91.]
AYMONIER, E. La langue fran~taise en Indo-Chine. Rev. Scient., Par., XLVII,
289-299; 328-335.
Babyloman and Oriental Record. Babylonian astronomy and chronology. Nature,
:Feb., 43, 1891, 369-373.
BACCHAR, Bu. Gypsy acrobats in ancient Africa. J. Gypsy L. Soc., Edinb., n,
288-291.
BACHE, R. MEADE. Possible sterilization of city water. Am. Phil. Soc., Apr. 17,
26-39.
- - - The question of duality of mind. Monist, Chicago, I, 362-371.
BACKMAN, ALFRED. Experiments in Clairvoyance. Proc. Soc. Psych. Research.
Lond., pt. XIX, 199-221.
BADEN-POWELL, B. H. Indian village communities, with special reference to their
modern study. J. Soc. Arts, London, 1891, XXXIX, 403-420.
BAESSLER, A. Ethnographische beitrage zur kenntniss des ostindischen archipels·
Internat. Archiv. f. Ethnog., Leiden, IV, 66-83. 3 ills.
---Reisen im malayischen Archipel. Verhandl. d. Berl. Gesellsch. f. Anthrop.,
Berl., 1890, XXII, 493-500.
BALDWIN, C. C. History of man in Ohio. A panorama. An address delivered before the Fireland Historical Society, Norwalk, Ohio, 28 pp. 8vo. No date or imprint.
---New met.hods of history. Tract 78, West. Res. and No. Ohio Hist. Soc., Cleve. land, 209-213.
BALL, V\T. P. Les efiets de I' usage et de la desuetude, sont ils heredetaries ~ Paris,
Lecrosnier, x+187 pp., 12mo.
BALLANTYNE, J. ,V. Note on a portable infant weigher. Tr. Edinb. Obst. Soc.,
1890-1891, XVI, 165-169.
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BANCROFT, C. P. Automatic muscular movements among the insane. Am. J. Psychol., Worcester, 1891, Sanford, III, 437-452.
BARKWORTII, TIIOl'I'IAS. Automatic writing. Proc. Soc. Psych. Res., Pt. XVIII,
Loud., 23-30.
BAYE, J. DE. I-'es bronzes emailles de Mostchina, Russia.. C. R. Acad. d. Inscrip. et
Belles-Lettres, Paris, 12 pp., ill.
---Rapport sur le Congres archiologiqne et hestorique de Bruxelles. Paris: Nilsson, 20 pp.
BEAUCHAMP, W. M. Earthworks and stockades. Am. Antiquar., Mendon, XIII,
42-51, 1 pl.
---Early medals, etc., found in Onondaga and Cayuga counties, N. Y. Rep.
Numism. and Antiq. Soc., Phila., 1877-1889, 40-49.
--Hiawatha. J. Am. Folklore, Boston, IV, 295-306 pp.
- - MigrationsoftheOnonclagas. Rep. Numism. Antiq. Soc. Phila., 1887-1889,49-51.
---Iroquois notes. J. Am. Folk-Lore, Bost., IV, 39-46.
BI<~AUREGAHD, 0. La justice et les Aribnnaux dans l'ancienne Egypte. Bull. Soc.
cl'Anthrop., Paris, II, 86-110.
BEAUVOIS, E. Tula primitive, bcrceau des Papas de nouveau monde. Le Museon,
Louvain, x, 206-231.
Beitrage zur Antbropologie uncl Urgeschichte Bayerns. Organ der Mi.inchener
Gesellschaft fi.ir Anthropologie und Urgeschichte Bayerns. Redigirt von Job.
Ranke und Nicolas Ri.idinger. Miinch~n, vol. I, 1877; Vol. x, 1891.
Beitri;i,ge zur Kuuue der indogermanischen Sprachen. Eel. A. Bezzenberger. Gottin·
gen, vol. XVII. _
BENEDICT, A. L. An Indian grave in western New York. Am. Naturalist, Phila.,
xxv, 119-121.
BENEDIKT, M. Anthropologischer Befnncl bei dem Morder Hugo Schenk. Wien
Med. Bl., xrv, 1-3
---La religione e la morale. Anomolo, Napoli, nr, 161-168.
BENEDIKT, M. and H. Les grands criminels de Vienne; etude anthropologique des
cerveaux et des cranes de la Collection Hoffman. Arch. de l'anthrop. crim., Par.,
VI, 237-265, 1 pl.
BENT, T. The Ansairee, of Asia Minor. J. Anthrop. Inst., Loud ., xx, 225.
---The Yonronks of Asia Minor. J. Anthrop. lust., Loud., 1890-'91, xx, 269-276.
BENTON, WAHREN G. Chinese Buddhism. Pop. Sc. Month., N. Y., 1891, XXXVIII,
530-537.
---The ethics of Confucius. Pop. Sc. Month., xr, 87-100.
BERG, R. MEBER. Tatorvierungen der Prostituirten. Monatsh. f. prakt. Dermat.,
Hamb., XII, 205-217, 2 pl.
BERGEN, FANNY D. Animal and plant lore. Pop.Sci.Month., N.Y., XXXIX, 373-381.
BERGEN, FANNY D., and vV. W. NEWELL. Topics for collection of folk-lore. J.
Am. Folk-Lore, Bost. and N.Y., IV, 151-158.
BEttGH. Le tatonage chez les prostituees danoises. Arch. eli Psichiat, etc., Torino,
xu, 361. Also: Hosp.-Tid., Kjobenh, 3 R., IX, 169-183, 1 pl.
Berkshire Hist. and Scientific Soc., Pittsfield, Mass. Papers: Nos. 2-3, 1889-'90. 8vo.
BEHNHARDT, C. U n cimetiere merovingien a N ossoncourt. Nancy, Crepin-Leblond.
6 pp. 8vo.
BERTAux, A. L'humerus et le femur consideres dans les especes, etc. Paris, F. Alcan, vi+318 pp. 8vo.
BERTILLON, ALPHONSE. La photographie judiciaire avec un appendice sur la classification !'identification anthropometriques. Paris, Gauthier.
BERTRAND, ALEX., Nos origines. La Gaule avant les Galois cl'Apres les monuments
et lex textes. Paris, E. Leroux, 349 pp., 4 ch., 205 ills. 8vo.
Biblia. A monthly magazine devoted to Biblical archmology and oriental research.
Boston, Damerell, Vol. I-Iv, 1888-1891.

H. Mis. 334, pt. 1-30
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Bijdragen tol de Taal- land- en Yolken-kunde van N ederlandsch-InJie. Hague, Nijhoff, 5 s., VI, 1853-1891. [See Bolton, Smithson. Pub., 514, 118.]
BINET, A. Les alterations de la personnalite cl'apres les travanx recens. Rev. d.
deux momles. Par., cur, 839-855.
B'LUMENTHITT, 1!..... The Quianganes of Luzon. Pop. Sci. Month., N.Y., xxxrx,
388-393.
BoAs, FRANZ. Anthropological investigations iu schools. Pedag. Sem., 1, 225-228.
---Dissemination of tales among the natives of North America. J. Am. Folklore, Bost. and N.Y., rv, 13-20.
- - - Einigc Sagen der Kootenay. Verhaudl. d. Herl. Gesellsch. f. Anthrop.,Berl.,
XXIII, 161-172.
---Mixed races. Science, March 27, 1891, p. 179.
---Physical characteristics of the Indians of the North Pacific coast. Am. Anthrop., Wash., IV, 25-32.
- - - et al. Report of the committee appointed to investigate the physical characters, languages, and industrial and social condition of the northwestern tribes
of the Dominion of Canada. Rep. Brit. Ass. Adv. Sci., 1890; Loud., 1891, LX,
553-715. 1 map.
--Sagen aus Britisch-Columbieu. Ztschr. f. Ethuol., xxnr, 532-576, 628-645.
---Sagen aus Britisch-Columbien. Verhandl. d. Berl. Gesellsch. f. Anthrop.,Berl.,
XXIII, 532-576, 628-645.
--Sagen der Kootenay. Verhandl. Gesellsch. f. Anthrop., 1891, pp. 161-172.
- - - Second general report on the Indians of British Columbia. Sixth Rep. N. W.
Tribes of Canada., British A. A. Sc., l;ondon, 10-163. 36 figs.
---Sixth report to the British Association for the Advancement of Science on
the northwestern tribes of Canada. pp. 1-163. Also: Seventh Report, pp. 1-43,
Loudon, Burlington House.
- - - Vocabularies of the Tlingit, Haida, and Tsimshean languages. Proc. Am.
Phil. Soc., Phila., pp. 173-208.
BOINE'f, E., et E. HJtDON. .£tude experimentale du poison des m~ches du Tonkin.
Arch. de Physiol. Norm. et Path., Par., 5 s., III, 373-381.
BOLTON, H. C. Decoration of graves of negroes in South Carolina. J. Am. FolkLore, Boston and N. Y., IV, 214.
---Pronunciation of Folk-Names in South Carolina. J. Am. Folk-Lore, IV, 270.
---Some Hawaiian pastimes. J. Am. Folk-Lore, Bost., IV, 21-26.
BORDIER, A. Le milieu interieur et I' acclimation. Rev. mens. de l'Ecole d'authrop.
de Par., 1, 129-142.
BosE, B. N. Chhatisgar: Notes on its Tribes, Sects, and Castes. [Title.] Proc.
As. Soc. Bengal, Calcutta, 221.
Boston Medico-Psychological Society. Lectures, Am. T. Psychol., Worcester, IV 113.
Boston Scientific Society, Boston, Mass. Science Observer became the official publication of the Society with v. 5, 1. (s., 1886).
;_BW~ton i?,ociety of Natural History (S. Dexter, sec., Boylston street cor. Berkeley)
, l3P~.t,on, M!1Ss. ~p.isles.for Science teaching, Nos. 12-14, 1889 (Nos. 8-11 in prep1{l;r[l.t~op.).
¥emoirs, ,v. 8, ;11, 1885; y-. 4, 7, 1890, Q. Proceedings, v. 23, 1, 1884:;
\v. 2~, 1 p. ,528, 18,90,. 0.
JBQUCHER, AHJ'fA,ND. lDarw,i;qisme, et. so.-;i:')Jisme. Paris, ·F. ).;.lcli!!~· ;72 pp. 8vo.
JBOULE, ¥ARCELLIN. Les grands aniJ;Uaux fossiles de l' Ar,rrel'iq~.e. Extr. d.l. Revue
Scientifique, Paris. 45 pp.
rBOURim, J. G. Religion ofthe Apaches. Folk-Lore, Lond., ·18·91, PP- !419-"455.
- - - Scatalogic rites of all nations. A dissertation upon the employz;nent of ,excrementitions remedial agents in religion, therapeutics, divination, witchcraft,
love philters, etc., in all parts of the globe. Based upon original notes and personal observation, and upon compilation from over one thousand authorities.
_Washingto~, D. C., W. ~· Lowdt:!rl'J!ilk & Co., x, (11). 496yp. 8vq.
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BOWDITCH, H. P. The growth of children, studied by Galton's method of percentile
grades. Rep. Bel. Health, Mass., 1889-1890, Boston, 1891, xn, 479-522.
BowEs, JAMES L. A vindication of the decoratecl pottery of Japan. Printed for
private circulation.
Bracelet papon venu du pays des Caffres. Internat. Arch, f. Ethnog., Lei den, IV, 91.
BRAUNE, W. Die Horizontalebene des menschlichen Schodels. Internat. Bietr. zu
Wissensch. Med. Berlin, 1891, I, 57-92.
BRINTON, DANIEL G. American aboriginal poetry. Rep. Numism. antl Antiq.
Soc., Phila., 1887-1880, pp. 17-40.
- - - American aboriginal poetry. Rep. Proc. Numismat. aud Antiq. Soc., Phila.,
pp. 17-37.
- - - La race Americaine (the American race ), vol. rv-8. New York, 1891. Rev.
by De Nadaillac in Anthrop., Par. n, 370-376.
---On the "Stone of tho Grants.'' Rep. Proc.Numismat. andAntiq. Soc., Phila.,
78-85.
- - - The American Race. A linguistic classification and ethnographic description
ofthc na,tive tribes of North and South America. New York, N.D. C. Hodges,
xvi+392 pp. 8Yo.
- - Vocabularies from the Musquito Coast. Proc. Amer. Philos. Soc., XXIX, 1-4.
Reprint.
Brooklyn Ethical Association. Founded in 1881, for the scientific study of ethics,
politics, economics, sociology, religion, and philosophy, and also of physics and
biology as related thereto. Secretary, Jas. A. Skelton.
Brooklyn Institute (Prof. F. vV. Hooper, director), Brooklyn, N. Y.
Year Book, 1888-'89. Bulletins of proceedings. Monthly, Oct. to June, 1888-'89,
Oct. to June, 1889-'90. 16mo.
Brookville Soc. Nat. Hist. BrookvUle, Indil.ma, Bulletin, Nos. 1, 2, 1885-'86. 0.
BRUCKE, ER.NST. The human figure: its beauties and defects. London, H. Grevel.
xm+188 pp. 8vo.
BRUGSCH, H. Das Museum von Gizeh. Deutsche Rundschau, Berlin, xvui, 351381.
Bn.t:SSAUX, E. Mutilations ethniques observers an Congo. Anthropologie, Par., n,
150-154.
BuCKLAND, A. W. Anthropological studies. Lond., \Vard & Doroney. 8vo.
Buffalo Hist. Soc. (G. G. Barnum, Sec.), Buffalo, N. Y. Annual report ::mel proceedings, 1884-1891. Transactions, v. I, n, 1879-'80,
Buffalo Society ofNatural Sciences, Buffalo, N.Y., Bulletin, v. 5: 1, 2, 1886. 0.
Bulletin de Folklore. Organe de la Societe du Folklore \Yalton, E. Monsiem
Bruxelles.
Bulletin de la Societe Archeologiqne de Touraine. Tonrs. DesliH. 8vo.
Bulletin de la Societe Archeologique, scientifique et litteraire du VendomoiH. Yendome. Lemercier.
Bulletin de la Societe cl' Anthropologie de Bruxelles.
Bulletin de la Societe d' Anthropologie de Bruxelles, v. I-IX (1890-'91).
Bulletin de la Societe cl' Anthropologie de Lyon, vol. I-VIII.
Bulletin de la Societe de Geographic. Paris. Quarterly, vol. I, ser. 1, to 7 ser.,
vol. xn .
Bulletin de la Societe d'ethnographie. Alliance scientifique nni verselle, Institution ethnographique, Societe cl'ethnographie, Socict6 orientale, Societe sinicojaponaise, Societe Africaine, Societe Americaine de France, Societe ocennienne.
Paris, Soc. d'ethnographio, 2. s., in 1890.
Bulletin de la Societe royale beige de Geographic. Bruxelles, vol. r-xxY.
Bulletin des Mnsees. Edited by Eclouard Garnier and L eonce Benedite. First
number appeared February, 1890.
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Bulletin et Mcmoires de la Societe archeologique (ln dcpartement d'Ile-et-Vilaine.
Paris, 1890. 8vo.
Bulletin et memo ires de la Societe nation ale des antiquaires de France. T. 49, Paris.
Nogent-le Rotron. 8vo.
Bulletino della Commissione Archeologica Comunale di Roma. Academia dei Lincei.
Anno. I-XVIII, 1874-1891.
Bulletino di palcontologia italian a. Diretto da G. Chierici, L. Pigorini, e P. Strobel, fol., vol. I, 1876-1891.
Bulletin of the American Geographical Society. New York. Quarterly, by the society, vol. I-XXIII.
Bulletin of the California Academy of Sciences. San Francisco.
Bulletin of the Chicago Academy of Science.
Bulletin of the Des Moines Academy of Sciences.
Bulletin of the Essex Institute, Salem, Mass., vol. XXIII, in 1891.
Bulletin of the Philosophical Society of Washington.
Bulletin of the U.S. National Museum.
Bulletin de la Societe d' Anthropologie de Paris. Organ of the society. Quarterly,
vol. I, ser. 1; vol. XIII, ser. 3.
BURNHAM, vVM. H. The observation of children at the Worcester Normal School.
Pedag. Sem., I, 219-224.
---The study of adolescence. Pedag. Sem., ·w orcester, I, 174-195.
Bulletin of the Santa Barbara Society ofNatural History.
BuRNS, J. F. Interchangeability of hereditary transmissions. Med. Rec., N. Y.,
XL, 623-6~5.
BusCHA:N, G. Die Heimatb und das Alter der eurapii.ischen Knltnrpflausen. Coe.
Bl. d. deutsch. Gesellsch f. Antbrop., etc. Miinchen, 1890, XXI, 128-134.
- - - Vorgeschichte der Obstarten dcr alten Welt. Verhandl. d. Berl. <-1-essellsch. f.
Anthrop., Berl., XXIII, 97-109.
BusnNEFF, V. F. Rumination in man; case. Yrach, St. Petersb., xn, 356-361.
BuTLER, ROBERT G. vVhere the ice never melts; the cruise of the U. S. steamer
Thetis in 1889. Scribner's Mag., N.Y., IX, 477-488.
BYERS, J. W. Racial characteristics in disease. Climatologist, Phila., I, 104-108.
' Calabria (La.), Revista eli Letteratura popolare, L. Bruzzano, Monteleone, voL
I-IV; 1888-1891. Monthly.
CALDERWOOD, on evolution and man's pla;ce in nature. Proc. Roy. Soc. Edinu.
(1889-'90), 1891, xvn, 71-79.
California Academy of Sciences. San Francisco, Cal. Bulletins, v. I, 2, 1885; v.
2-8, 1887; 8vo. Memoirs, v. 2, 1, 2, 1888; 4to. Proceedings, new ser., v. I, 2,
1888-'89, (1888-1890); 8vo. Occasional papers~ v. I, 2, 1890; 8vo.
California I-Iist. Society (A. L. Hubbard, Sec.), 8191\Iarket st., San Francisco, Cal.,
Collections, pts. 1-3, 1887-1890.
CAMBIER, E. La mcdecine Chez les Ban galas (Congo). Gaz. Med. de Liege, :11890-'91.
III, 493-498.
Canadian (The) Indian Research and Aid Society, Owen Sound, Ontario, publish
The Canadian Indian.
Canadian Record of Science, Montreal, vol. I-IV.
CARLETON, G. D. Notes on a part of the Somali country. .J. Antbrop. lust., Lond.,
1891-'92, XXI, 160-172. 1 map.
---The Somali country. J . .Anthrop. Inst., Loud., xxr, 160-170.
CARTAILHAC, E. Les fouilles de M. Ed. Piette dans la gratte duMas. d'Azil (Ariege).
Anthropologie, Par., n, 141-149, 1 pl.
CARTON. Tunisie; les megalithes de Bulla Regia, les alignements delaplaine de la
Medjerdah et les sepultures du djebel Herrech. Antbropologie, Paris, n, 1-16.
CARus, PAUL. Monism, its scope and import; a review of the work of the Monist,
Chicago, 1891-'92. The Open Court Publishing Co., 44 pp.
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Cayuga County Historical Society, Auburn, N. Y. Collections, v. 3, 1884; v. 7,
1889; 0.
Cels. La classification des instruments quartenaries en peirre. Bull. Soc. cl' Anthrop. de Brux., IX, 123-134, 1 pl.
Central Ohio Scientific Assoc., Urbana, 8vo. Proceedings, v. 1, pt. 2, 1, 1884; 8vo.
Century Magazine. Monthly. New York. Volume xu, in 1891.
CHAMBERLAIN, A. F. African and American. The contact of the Negro and the
Indian. Science, xvn, 1891, 85-90.
--Bibliography of the Archreology of the Domiuion of Canada and Newfoundland, III, Fourth An. Rep. Cauad. Inst., 1890-'91, 78-82.
---Folk-Etymology in Ca.nadian ]<'rench. Mod. Lang. Notes, Baltimore, VI,
202-205.
---French-Canadian Folk-Lore. The Dominion Illustrated. Montreal, VI, No.
157, 12, 13.
---Maple Sugar and the Indians. Am. Anthrop., IV, 381-383.
- - - Nanibozhu amongst the Otchipwe, Mississagas, and other Algonkian tribes.
J. Am. Folk-Lore, Bost. and N.Y., IV, 193-213.
- - T h e Algonkin Indians of Baptiste Lake, IV, An. Rep. Canad. Inst., 1890-'91,
83-89.
---The Aryan element in Indian dialects, I. Canadian Indian, I, 148-153. Also
separate.
---The Indians of Canada. Trans. Canad. Inst., I, 1890-'91, 18, 19. Also separate.
---The maple amongst the Algonkian tribes. Am. Anthrop., ·w ash., IV, 39-43.
---Words of Algonkin origin in the Chinook jargon. Science, xvni, 260-261.
CHARLES, R. H. Notes on the craniometry of some of the outcast tribes of tbe
Panjab. J. Anat. and Physiol., Loud., XXVI,1-25.
CHARl\fES, GABRIEL. L'Egypt. Archeologie, historie, litterature. Paris, 1891,
Mouillet, IY, 399 pp. 18mo.
CHATELLIER, du, Des Quelques cachettes decouvertes dans le Finisterre. L' Anthropologie, Par., n, 117-124.
Chautauqua Literary and Scientific Circle (Kate F. Kimble, Sec.), Buffalo, N. Y.
Chautauquian (The).
CHEESEWRIGHT, F. H. Harbours, natural and artificial. J. Soc. Arts., Lond.,
1890-'91, XXXIX, 345-361.
CHI<JVALIER, J. De l'imrersion sexuelle aux points de vue clinique, anthropologique
et medico-legal. [Rev. Crit.] Arch. de l'anthrop. crim., Par., VI, 49-69,
Chicago Academy of Sciences, Chicago, 111. Bulletin, v. 1-4, 1884; v. 1-10, 1886; 8vo.
Chicago Folk-Lore Society, F. S. Bassett, Sec. Folk-Lore Manual.
Chica.go Historical Society, Chicago, Ill. Collections, v. 2, 3, 1884; v. 4, 1890; proceedings 1884; repol'tS of quarterly meetings, Jan., 1888, July, 1890.
Christian Tatonage chez un aliene. Ann. d'hyg., Par., 3. s., xxv, 515-520.
CHURCHILL,WM. Reef-knot nets. [A study in comparative technology.] Ill. Pop.
Sc. Month., XL, 83-87.
Cincinnati Society of Natural History. Eleventh course of free lectures, including
discourses on anthropological subjects, Dr. J. H. Henshall. See Journal.
Cincinnati Museum Association. Large archreological collections.
CLARK, D. Crime and responsibility. Am ..J. Insan., Utica, N. Y., XLVII, 496-506.
CLARK, J. S. Delawares and Dakotas. Am. Antiq., Mendon, Ill., xrn, 234-236.
CLARKE, E. M. On the aborigines of western Australia. H.ep. Brit. Ass. Adv. Sc.,
716.
CLOQUET, Des dolmens en Belgique. Bull. Roc. d'anthrop. rle Brn:x:ellcs, 1890-'91;
IX, 80-95, 1 pl.
CLOSMADENC, G. DE. La question des dolmens ct des coffres de pierre deva.nt la
Societe polymathique (reponse a M. Gaillard). Yannes, Galles. 43 pp., 8vo,
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CoBEZON, J. M. La circulacion san guinea y la antropologia criminal. And. eire.
med. argent., Buenos Aires, XIV, 59-67.
CODRINGTON, R. H. The Melanesians: Studies in their anthropology and folk-lore.
London, Fronde. 420 pp., map, 33 ill. 8vo.
CoLLIGNON, R. Etude sur la couleur des yeux et des chevenx au .J apon. L' Anthropologie, Paris, n, 676-680.
Colorado Scientific Soc. (High School building), Denver, Colo. Proceedings, v. 1,
1884 j Y. 3, 1890. 0.
Colorado State Hist. and Nat. !list. Society, of (C. R. Dudley, Sec.) Chamber of
Commerce Bdg., Denver, Colo. Nothing yet published.
Compte rendu de l'Academie des Sciences. Paris, v. 1, CXIII.
Compte rendu du Congres scientifique international des Catholiques, Paris. 1-6
April, Alphonse, Picard.
CongresArcheologiqne et Historique de Bruxelles. Federation Archeologique et Histori que de Belgique, seventh session a Bruxelles, n. d.
Congres Internationale des Americanistes.
Congress of German Naturalists and Physicians. Halle, Sept. 21.
Congres International d'anthropologie. Criminelle, Actes du 2, . . . . Biologie
d'sociologie (Paris, avf1t, 1889). Lyon et Par., 1890. A. Sterk et Masson. 554
pp. 8vo.
Connecticut Academy of Arts and Sciences (N. Van Namo, Sec., New Haven, Conn.)
Transactions, v. 6: pt. 1:1-6, 1884. pt. 2: 7-12; v. 7, pt. 1: 1-16. pt. 2:17-23.
v. 8, pt. 1: 1-9, 1890. 8vo.
Contemporary, The. Science series. Edited by Havelock Ellis. London. Walter
Scott. 16 volumes.
Contemporary Review, monthly. London and New York. Vol. LX in 1891.
Co-operative Index to periodicals for 1890. Edited by W. I. Fletcher, with the
co-operation of the American Library Association. New York pub. office.
CoRRE, A. Crime et suicide; etiologie generale; facteurs individuels, sociologiques
et cosmiques. Paris. 0. Doin. 660 pp. 12mo.
- - - Mreurs criminelles et judiciaires retrospectives d'apres les archives, des
anciennes cours et jurisdictions provinciales. Arch. de l'anthrop. Crim., Paris,
1891, VI, 585-620.
Correspondenzblatt des deutschen Gesellschaft flir Anthropologie, Ethnologie und
Urgeschichte. .Johannes Ranke. Mi.inchen. Vol. 1, xxn; 1870-1891. Monthly.
4to.
Correspondenzblatt des Gesammtvereins der dentschen Geschichts-und atterthums
verine. Thirty-ninth annual meeting in 1891.
Cosmos. Communicazione sui progressi piu recenti e notevole della geografia e
delle scienze affini eli Guido Cora Torino. Vol. 1, xu; 1873-1891. 4to.
CRAWFORD, .J. Neolithic man in Nicaragua. Am. Antiq., Mendon, Ill. , xm,
293-296.
CuLIN, STEWART. Chinese dress; fortune telling; microscopic idols; opium smoking. Public Ledger, Phila., Sept. ·1 , Oct. 8, Aug. 13, Aug. 19.
---.Japanese stenography. Public Ledger, Phila., Aug. 11.
---Social organization of the Chinese in America. Am. Anthrop., Washington,
Oct., 1891, vol. IV., pp. 347-352.
---Street games of boys in Brooklyn, N.Y. .J. Am. Folk-Lore, IV, 221-236.
---The gambling games of the Chinese in America. Fan tan, the game of repeatedly spreading out, and Pak kop pili, or the game of white pigeon ticket.
Philadelphia., Univ. of Pa., 3+17 pp. 8vo.
CuMONT, GEORGES. Balances trouvees dans les tombes des cimetieres francs d'Karmignies (Hainant), etc. Bruxelles, A. Vromant et Cie. 16 pp. 8vo.
CuNNINGHAM, .J. T. The new Darwinism. Westminster Rev., Loud., cxxxvr,
14-28.
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CUNNING.HAM, D. J. The skeleton of the Irish giant, Cornelius Magra.th. Tr. Roy.
Irish Acad., Dubl., XXIX, 553-612, 2 pl.
CURRIER, A. F. A study relative to the functions of the reproductive apparatus in
American Indian women. Med. News, Phila., LIX, 390-393.
CURRIER, J. Me. N. Contributions to New England Folk-Lore, .J. Am. Folk-Lore,
Bost. and N. Y., 7 v., 253-256.
DALY, D. The Mexican Messiah. Pop. Sc. Month., N. Y., XXXIX, 95-105.
D'ALVIELLA, GoBLET. Lectures on the origin and growthofthe idea of God. Hibbert lectures, 1891. London: Williams and Norgate. 296 pp. 8vo. (See also
B nll. Soc. d' Anthrop. de Bruxelles, 1890-'91, 234-240.)
Davenport Academy of Natural Sciences, Da-venport, Iowa. Proceedings, v. IV,
1882-'84 (1886), v. Y, 1884-'89 (1889).
DAWSON, GEORGE M. Notes on Shushwap people of British Columbia. Trans. Roy.
Soc. Canada, 1891, 3-45.
DEANS, JAMES. A creation myth of the Tsimshians of northwest British Columbia.
J. Am. Folk-Lore, Bost., rv, 34.
- - A weird mourning song of the Haidas. Am. Antiquar., Mendon, xnr, 52-54.
---Carved columns or totem posts of the Haidas. Am. Antiq., Mendon, Ill., xnr,
282-287.
- - T h e antiquities of British Columbia. Am. Antiq., Mendon, Ill., XIV, 41-44.
---The daughter of the sun. A legend of the Tsimshians of British Columbia.
J. Am. Folk-Lore, Bost. and N.Y., IV, 34.
---The story of Skaga Belus. Am. Antiquar., Memlon, XIII, 81-84.
Dedham Historical Society, Dedham, Mass.
Dedham Historical Magazine. Reports, 1886-'89.
DELAGE, Y. Essai sur la theorie du reve. Rev. scient., Par., XLVIII, ·.t0-48.
Delaware, Historical Society of. (J. J. Gallaher, Libr.) Wilmington, Del. Papers,
1884, V. Vi 1887, V. VI.
DELBOEUF, J. Pourquoi mourons-nousf Rev. Phil., Par. , XXXI, 225-408.
- - - Une loi mathematique applicable ala degcneresceuce qui affecte les iufusoires
cilies a la suite de fissiparations constamment rt<p etees. Rev. scient., Par.,
XL VII, 368-371,
DEMENY, GEORGEs. Precision in physical training. Pop. Sc. Month., N.Y., xxxvin,
467-476.
Denison Scientific Association. Memoirs, v. 1, No. 1, 1887.
DESCHAMPS, E. Les veddas de Cey)on et lenr rapports avec les peuples environnants, les Rhodias et les Singhalais. Anthropologie, Par., n, 297-337, 2 pl.
Des Moines Academy of Science, Des Moines, Iowa. Bulletin (containing scientific
papers), v. 1; 1, 1885. Not the same as the Iowa Academy of Sciences, organA
ized in 1887.
Deutsche Gesellschaft fiir Anthropologie, Ethnologic und Urgeschichte. XXII general
meeting in Dantzig. Report in Correspondenz-Blatt, Lxn, No. 5.
Deutsche Naturforscher und Aertzte. 64th Versammlung in 1891. Publishes Tage·
blatt.
Deutsche Rundschau. Berlion, vol. I-XVIII.
DIAMAUDY, G. Du rl>le de l'economie sociale dans la question de la depopulation,
etc., de la France. Bull Soc. d'Anthrop., 48, II, 424-442.
DONALDSON, HENRY H. Cerebral localization. Six lectures before the Bnston
Medico-Psychological Society. Am. J. Psycho!., Worcester, rv, 113-141.
DONOVAN, J. The festal origin of human speech. Mind, Lond. and Edinb., xvr,
498-506.
DoRSET, J. S. Heredity; some reflections on it. Virginia M. Mouth, Richmond,
XVIII, 45-47.
DoRSEY, JAMES OWEN. Games of Teton Dakota children. Am. Anthrop., Wash.,
rv, 329-3_45.
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- - - Omaha and Ponca letters. Bur. of Ethnol. of the Smithson. Inst., special
bulletin.
---The Cegiha language, myths, stories, and letters. Contributions to North
American Ethnology, vr. Washington, 1890, Govt. Print. 794 pp. 4to.
---The social organization of the Siouan tribes. J. Am. Folk-Lore, Bost. and
N. Y., IV, 257-266, 331-342.
DORTEL, E. L'anthropologie criminelle et la responsabilite medico-legale. Paris,
J. B. Bailliere et fils. 179 pp. 8vo.
DOUAY, LEON. Etudes etymologiques sur l'antiquite americaine. Nice, Gauthier
& Co. 161 pp. 8vo.
DowsoN, J. EMERSON. Decimal coinage, weights, and measures. J. Soc. Art,s,
XXXIX, 201-226.
DRAGICEVIC, THOMAS. Hexenleiter! Am. Ur-Quell, n, 105, 106.
DREHER, E. Der Darwinism us und die Archigonie. In his: Drei Psycho-Phys.
Stud., Leipz., 1891, 1-37.
Drexel Institute of Art, Science, and Industry, Philadelphia. Publishes circulars,
founded in 1892.
DuMOUTIER, G. Chua-Hai-Ba, le temple des deux dames, pres Han'i. Authropologie, Par., n, 155-159.
DURANTI LA CALADE, M. Notice sur un temple antique qui existait autrefois aux
environs d' Aix et qui etait connu sous le nom de Bastide forte. Aix, Alakaire,
47 pp., 2 pl. 8vo.
,DuRFEE, W. F. I. The development of American industries since Columbus. II.
Iron mills and puddling-furnaces. III. Iron smelting by modern methods. IV.
Iron-working with machine tools. Pop. Sc. Month., N.Y., XXXVIII, 314-338,14
figs.; 449-466, 10 figs.; 586-598, 9 figs.
DWIGHT, THOMAS. What is right-handedness. Scribner's Mag., N.Y., IX, 465-4:76.
EDWARDS, C. L. Some tales from Bahama folk-lore. J. Am. Folk-Lore, Bost., IV,
47-54:; 247-252.
Egypt Exploration Fund. Special extra report, London.
EmmNREICH, P. Die Einleitung und Verbreitung der Volkerstamme Brasiliens
nach dem gegenwartigen Staude unserer Kenntuisse. Mitth. a us Justus Perthes'
Geog. Anst., Gotha, xxvn, 81; 114, 6 pl.
Elisha Mitchell Scientific Society. J.P. Venable, Sec., Chapel Hill, N.C. Journal
[1 vol. annually]. 1883-'8!, 1892, I-IX. 0. Raleigh.
Elliot Society of Science and Art, Charleston, S. C. Proceedings (published at long
intervals in signatures. Contain original papers), v. 2, pp. 521-200, 1887-'88. 8vo.
ELLIS, A. B. On 1)olyandry. Pop. Sc. Month., N.Y., XXXIX, 801-809.
---On Vodu-worship. Pop. Sc. Month., N.Y., XXXVIII, 651-663.
- - - Survivals from marriage by capture. Pop. Sc. Month., N. Y., XXXIX, 207222.
ENCAUSSE, GERARD. Essai de physiologie synthetique. Par., 1891, Georges Carre,
8vo. [Rev. in: Rev. Scient., Par., XLVII, 308.]
ERCKERT (VON). Kopfmessungen Kankasischer Volker. Arch. f. Anthrop.,
Brnschwg., 1891, XIX, 331-357.
ERNST, A. Uber einige weniger bekannte Spracben aus der Gegenu des Meta und
ouern Orinoco. Ztschr. f. Ethnol., Berlin, Asher, XXIII, 1-13.
ERRERA, S. Sur la loi de la conservation de la vie. Rev. phil., Par., xxn, 321-330.
Essex Institute, Salem, Mass. Bulletin (quarterly), v. 15, 1884; v. 21, 1889-'90.
Hist .. collections (quarterly), v. 20, 1883 (1884); v. 25, 1888 (1890) 8vo.
EVELT, E. Ein Fall von Polymastie beim Mann. Arch. f. Anthrop., Brnschwg., xx,
105-112, 1 pl.
Evolutionist (The). Devoted to the scientific study of ethics, politics, economics,
sociology, religion, and philosophy. Boston (vol. 2), J. H. West.
EYLE, PRTRONA. Ueber Bildungs-Auomalieu der Ohrmuschel. Zurich, 60 pp., 4: tab.,
4 pl. 8vo.
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Fairfield County Hist. Society, Bridgeport, Conn. Edwanl Deacon, curator.
Monthly meetings. Reports and papers, No.4. New building, gift of P. T. Barnum, to cost $100,000.
FAWCETT, FRED. On basivis: women who, through dedication to a deity, assume
masculine privileges. J. Anthrop. Soc., Bombay, n, 322-351.
FEATHERMAN, A. Social history of the races of mankind. 4th division, DravidoTuranians, Turco-Tartar-Turanians, Ugrio-1'uranians. London, Kegan, Paul &
Co., 626 pp. 8vo.
FEILBERG, H. F. "\Vettermachen." Am. Ur-Quell, n, 56-58.
FERGUSON, JOHN. Le centre cortical auditif. (the auditory centre). Journ. Anat.
and Physiol., Jan., 1891. Rev. by P. Topniard iu Authrop., Par .• n, 349-350.
FERRARINI, C. Forma e dimensioni dello scheletro del naso nell uomo. Arch. per
l' Anthrop., Firenze, XXIj 155-213, 3 pl.
FERREE, B. Comparative art. The historical origin of art. Am. Antiq., Mendon,
Ill., XIII, 225-228.
FERRERO, G. La crudelta e la pieta nella femmina e nella donna. Arch eli psichiat.,
etc. Torino, xn, 393-434.
FERIU, E. Sur la valeur relative des conditions inclividuelles, physiques et sociales
qui determinent le crime. Actes Cong. Internat. d' Anthrop. Crim., 1889. Lyon
et Par., 1890, n, 42-46.
FEWKES, J. WALTER. A few summer ceremonials at Zuni Pueblo. J. Am. Ethnol.
ancl Archaeol., Bost. and N.Y., I, 1-62, 1 pl.
- - - A suggestion as to the meaning of the Moki snake dance. J. Am. Folk-Lore,
Bost. and N.Y., IV, 129-138.
---On a certain gesture of the mouth among the American Inclians. Am. Naturalist, Phila., xxv, 182-183.
---On Zemes from Santo Domingo. Am. Anthrop., Wash., IV, 167-175, 3 pl.
- - - Reconnaissance of ruins in or near the Zuni reservation. J. Am. Ethnol. and
Archaeol., Bost. and N.Y., I, 92-132, 1 pl.
FIVERETTE, G, et F. Puglia. Sur l'applicatiou de l'anthropologie aux legislations
et anx questions de droit civil. Actes Cong. Internat .. d' Anthrop. Crim., 1889,
Lyon et Par., 1890, n, 113-122.
FLETCHER, ROBERT. Quarterly bibliography of authropologic literature. Am. Anthropologist, vol. IV, Nos. 1-4.
---The new school of criminal anthropology. Am. Anthrop., Wash., 1891, IV,
201-236. [Reprint, Washington, Judd & Detweiler, 38 pp., 8vo.]
Florida, Historical Society of. St. Augustine, Fla.
FoA, EDOUARD. Le Dahomey. Rev. Scient., Par., XLVII, 365-368.
PoL. H. La ressemblance entre epoux. Rev. Scient., .Par., XLVII, 47-49.
Folk-Lore. London. Quarterly. Vol. I, n, 1890, 1891. [In 1890 the Folk-Lore
Journal and Archreological Review were merged into Folk-Lore.]
FoRRER, R. Die Graeber und Textilfunde von Achmin-Panopolis. Strassburg.
4 pl.
- - - Die keltischen miinzen und illr Werth fii.r die Priihistorie. Autiqua. Strassburg, IX, 5-8.
- - - Rennthierfunde nus der Grotte de la Chantonne. Antiqua. Strassburg, IX,
1-3.
FoRSTEMANN, E. Die Mayahandschrift d Kgl. offentt. Bebliothek zu Dresden.
Leipzig. 74 chromolith pl. Roy. 4to.
- - - Zur Maya-Chronologie, Ztschr. f. Ethnol., Berl., xxnr, 141-155.
Fortnightly Review, The. Lonclon, reprint N. York. L. Scott; eel. P. Harris, Vol. 50
in 1891.
PoRTIER, ALCEE. The Acadians of Louisiana and their dialect. Pub. Mod. Lang.
Assoc. of America, vi, No.1. 33 pp. 8vo.
FoUILLEE, A. Les origines de notre structure intellectuelles et cerebrale. Rev.
phil., Paris, xxxu, 4-33; 5, 71.
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Forum, The New York. Vol. XII in1891.
FouJou, G. Les puits prehistoriques pour !'extraction du silex it Champignolles,
commune de Serifontaine Oise. Anthropologie, Par., II, 445-455.
FRAHM, L. Das schlafende Heer im Schiiberg. Am Ur. Quell, 18!H, II, 42-43.
Fr::m cotte, xavier, L'anthropologie criminelle. Paris, J. B. BailliPre et fils. 376 p.
12mo.
Franklin Institute, (15 South 7th St.), Philadelpia, Pa .
.Journal. V. 118 (= ser. 3, v. 88), 1884, v. 129 (= ser. 3, v. 99), 1890 (Ja. Je.). 8vo·
Index to the Journal for 120 volumes from1826 to 1885, 1890. 8vo.
FRENCH, J. F. M. On a manner of lighting houses in old times. Proc. Roy. I.
Acad., 3 s., r, 626-631.
FERICHS, HERM. Zur Natnrgeschichte des Menschen, 2. Aufl. Norden, D. Soltau.
362 p. 8vo.
Friends Historical Association. Philadelphia, Pa.
Frigerio et Ottolenghi, Organes et fonctions des sens chez les criminels. Actes Cong.
internat. d'anthrop. crim. 1889, Lyons et Par., 1890, n, 64-72.
FRISCHBIER, H. Der Eid im Volksleben. Am. Ur. Quell, II, 58-59.
PROMM, E. Urgeschichte nnd Archeologie. Arch. f. Anthrop., Bonschug., xrx,
Suppl., 1-164 p.
Fulton County Scientific Society, Avon, Ill.
GABELENTZ, GEORG VON DER. Die Sprachwissenschaft, ihre Aufgauen, Methoden
·und bisherigen Ergebnisse. Leipzig, Weigel, xx+502 p. 8vo.
GACHE, F. and H. Dumeny. Petit manuel d'archeologie grecque, d'apres J. P.
Mahaffy. Paris, Lanier, VII, 155 p. 12mo.
GAmoz, HENRY. Ransom by weight. Am. Ur. Quell, n, 39-42; 59-61; 74-75.
- - - Une incantation enumerative. Melusine, Par., v, 225-228.
GAILHARD, G. Darwinisme and spiritualisme. Paris: Didier. 371 p. 12mo.
GAILLARD F. De divers dolmens fouilles autrefois. Complements inedits, observations nouvelles. Vannes: Galle. 15 p. 8vo.
- - - La contemporaneite des coffres tle pierre et des dolmens. Les coffres de pierre
du tnmulus a dolmen due Goalennec, a Quiberon. Vannes: Galles. 12p. 8vo.
GALTON, PRANCIS. Physical tests in competitive examinations. .J. Soc. Arts.,
XXXIX, 19-27.
- - - Retrospect of work done at my anthrepometric laboratory at South Kensington. J. Authrop., inst., Loud., 2, xxr, 32-35.
- - - The patterns in thumb and finger marks; on their arra,ngement into naturally
distinct classes, the permanence of the papillary ridges that make them, and the
resemblance of their class to ordinary genera. Proc. Roy. Soc., Loud. (1890),
1891, XLVIII, 455-457.
GARDN.IW, J. STARKIE. Enamels and enameling. .T. Soc. Arts, Loud., 1890-'91,
XXXIX, 331-345.
GAROFALO, R. Lorsqu'un individu a et6 reconnu coupable pent on etablir par
l'anthropologie criminelle, la classe de criminels a laquelle il appartientf Actes,
Cong. internat. d'anthrop. crim., 1889, Lyon et Par., 1890, n, 73-78.
GASTER, M. The legend of the Grail. Folk-Lore, Loud ., n, 50-64.
GATSCHET, ALBERT S. A mythic tale of the Isleta Indians. Proc. Am. Phil. Soc.,
Phil a., IX, 208-218.
- .- - Die Windbose. Am. Ur. Quell., n, 1-3.
- - - Oregonian folk-lor~. J. Am. Folk-Lore, Bost. and N. Y., 139-143.
- - - The Karankawa Indians, the coast people of Texas. Archaeol. and Ethnol.
Pap. of Peaborly Mus., r.
---The Klamath Indians of southwestern Oregon (contrib. toN. A. Etbnol., H).
Bureau of Ethnology, Washington.
- - - The origin of the word Chautauqua. Glen Echo Chautauqua. Wash., Aug.
1, p. 12.
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GATSCHET, A. S. Two Inuian documents. Am. Antiq., Mendon, Ill., III, 249-254.
GATTI, G. Trovamenti risguardanti la topografia e la epigrafia urbana. Bull. d
Comn. Arch. Comnn. d. Roma, XIX, 70-79.
GAUDER, CARL. Geheime Sprachweisen. Am. Ur. Quell., n, 98, 99.
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Arch. de l'Antbrop. Crim., Par., VI, 520-528.
LAWHENCE, H. NEW:i\IAN AND ARTHUR HARRIES. Electricity in relation to the
human body, its dangers and its uses. J. Soc. Arts, Loud., XXXIX, 316-325.
LE CONTE, J. The factors of evolution, their grades aml the order of their intro- •
duction. Monist, Chicago, I, 321-335.
LEENHARDT, F. Foi et science. Extraits d'une premiere le~on d'anthropologie
donnee ala Faculte de Montauban. Montauban, Granie, 16 pp. 8vo.
LEFEVRE, ANDRE. Du cri ala parole; embryogenic. du langage; le cri emotionnel;
le cri d'appel; l'onomatopee; la metaphore. Rev. Mens. de l'Ecole d' Anthrop.
de Par., I, 3-19.
- - - La religion. Paris, 1891, Hennuyer, XLI, 587 pp. 18vo.
- - - Les etrusques, origines, histoire, industries, arts, coutumes, langue et croyances. Rev. Mens. de l'Ecole d' Anthrop. de Par., I, 212, 269.
Legrain, La station prehistorique de Saint-Aubin. Bull. Soc. d' Anthrop., Par., 4, 5,
II, 303.
LELAND, CHARLES G. Gypsy sorcery and fortune-telling, illustrated by numerous
incantations, specimens of magical magic, anecdotes, and tales. New York,
Scribner's Sons, 287 pp , 1 pl. 8vo.
- - Shclta. J. Gypsy L. Soc., Edinb., II, 321-323.
LETOURNEAU, Cu. I./evolution juridiquc dans les diverses races humaines. Paris,
Lecrosnier ancl Bab6, 562 pp. 8vo.
- - - L'evolution mythologique. Nature et origines du sentiment religienx. Rev
Mens. de l'Ecole d' Anthrop., Par., I, 65-81.
---The evolution ofmarriage and of the family. New York, C. Scribner's Sons,
12vo.
- - - Sur l'originc Ju sentiment jmidique. Bull. Soc. cl'Anthrop. cle Par., 1890,
4es., I, 866-879.
LEWIS, A. L. On the Wiltshire circles. J. Anthrop. Inst., Loud., xx, 277-288.
;LEWIS, T. H. Bowlder outline fignres in the Dakotas, ~urveyecl in the summer of
1890. Am. Anthropologist, Wash., Iv, 19-24.
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LEvnR, T. H. De Soto's camps in the Chickasaw country in 1540-'41. National
Magazine, Nov., 1t;91, pp. 57-61.
- - - Lewis and Clarke and the antiquities of the upper Missouri River. Am.
Antiq., Mendon, Ill., XIII, 288-293.
- - - The effigy mounds of Buffalo Lalre, Marquette County, \Yisconsin. Am. Antiquar, Mendon, XIII, 115-117, 1 fig.
- - - Tracts for archreologists. St. Paul, Miun., T. H. Lewis.
Lexington Historical Society. Lexington, Mass., Proceedings, v. 5, 1887.
I./exposition ethnographique de Siberie. Rev. Scient., Par., XLVII, 243-245.
LrEBEAULT, A. A. Thtra.peutique suggestive; son mecanisme. Paris.
---[Rev. in:Proc. Soc. Psych. Research. Loud., pt. xrx, 290-292.]
LINDENSCHl\HT, L. Das etruskische Schwert ans den Grabern von Hallstadt und
das vorgeschichtliche Eisenschwert nijnllich der Alpen. Arch. f. Anthrop.,
Bruschwg., 1890-'91, xrx, 309-315, 2 })l.
Linnrean Society of New York (J. Dwight, jr., Sec. Am. Mus. Nat. Hist.), New York
City. Transactions, v. 2, Aug., '84. 0. 232 pp. Abstract ofproceedings, 1889-'90.
Lippincott's Monthly Magazine, Philadelphia. [Especially good in folk-lore.]
LISTER, J. J. Notes on the natiYes of Fakaofn (Bowditch Islands), Union Group.
J. Anthrop. Inst., Lond., 2, XXI, 43-63, 9 pl.
LOHEST, M. The man of Spy. Am. Antiq., Mendon, Ill., XIII, 296-298.
Lom, A. La vaccination charbonneuse en Australie. Rev. Scient., Par., XLVII,
338-340.
LOMBROSO, CESARE. Illustrative studies in criminal anthropology. 1. "La Bete
Humaine" and criminal anthropology. 2. Psychiatry and criminal anthropology. The Monist, 1, 177-196; 336-343.
- - - Influence des mete ores et dn climat sur les revolutions. Arch. del' Anthrop.
Crim., Par. YI, 117-144. [Discussion] 260-265.
• - - - Innovation and inertia in the world of psychology. Misoneism and philoneism~ Monist, Chicago, 1, 344-361.
- - - I/anthropologie criminalle et ses recents progr~ s. 2 ed., Paris, F. Alcan,
193 pp. 18vo.
- - - Le champ visuel chez les epileptiques et les delinquants-nes r-;elon le doctcur
Ottolenghi. Rec. d'ophth., Par., 3es., XIII, 44-9-456.
- - - Tatto e tipo degeHerativo in donne norrnali, criminali e alienate. Arch. de
psichiat, etc., Torino, xn, 1-6.
- - - The physiognomy of the anarchists. Monist, Chicago, r, 336-343.
- - - e S. OTTOLENGHI, La donna delinquente e la prostituta. Gior. d. r. Accad.
di med. di Torino, 3 s., XXXIX, 833-862.
- - - und S. OTTOLENGIII, Die Sinne der Verbecher. Ztschr. f. Psycbol. u. Physiol.
d. Sinnesorg., Hamb. u. Leipz., II, 337-360.
Long Island Hist. Society, Brooklyn, N.Y. Memoirs, v. 4, 1889. Geo. Washington
and Mt. VernoH.. Ed. M. D. Conway. 0.
Louisiana Historical Society, Baton Rouge, La. (Geo. A. Pike, sec.)
LOUPIAC, PAUL. La criminalite et le criminel. Toulouse, E. Privat, 144 pp. 12mo.
Low, BROOKE. The na.tives of Borneo. [Ed. by H. Ling Roth.] J. Anthrop. lust.,
Loud., 1891, XXI, 110-137.
Lowell Institute, Boston, Mass. Founded in 1839 by Mr. John Lowell for the maintenance of courses of lectures on philosophy, natural history, and religion.
LuDEHS. C. W. Uber ·wurfwaffen. Jahrb. d. Hamburg. wissensch. Anstalten, IX.
LYDSTON, G. F. A study of a series of degenerate and criminal crania. Chicago,
H. Rec., r, 203-224. [Discussion] 260-265; also, J. Am. Med. Assoc., 1891, xvn,
903-923.
LYMA:N, B. S. An old Japanese standard foot measure. Rep. Numism. & Antiq.
Soc. Phila., 1887-'89, 68-76.
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MACAULAY, T. B. Height and longevity. [From P!tpers & Tr. Actuarial Soc. of
America, Apr.] Pub. Am. Statist. Ass. Bost., 1890-'91, n. s., n, 287-296.
MACDOUGAL, A. The Bocothick Indians. Trans. Canad. Inst., Toronto, _n, pt. I,
98-102.
McGEE, A. N. An CX}Jeriment in hnman stirpiculture. Am. Anthrop.~ ·wash., IV,
319-325.
McGEE, W. J. Some principles of evidence relating to the antiquity of man. Am.
Antiquarian, Mendon, XIII, 69-79.
McGUIRE, J.D. The stone hammer and its various uses. Am. Anthrop., Wash., IV,
301-312, 2 pl.
MACH, ERNST, and PAUL CARUS. Some questions of psycho-physics. A discussion:
Sensation and the elements of reality; Feeling and the elements of feeling.
Monist, Chicago, I, 393-420.
MciNTOSH, J. The future ot the negro race. Tr. South Car. M. Ass., Charleston,
183-188.
McKENZIE, ALEXANDER. Implements, weapons, etc., from Graham Island and Queen
Charlotte Island. Trans. Roy. Soc. Canada, 1891, 45-59.
McKENziE, R. J. Physical sports of the ancient world. Eclinb. Health Soc.,
Health Lect., XI, 147-161.
McLEAN, T. J. Pre-Columbian discovery of America. Am. Antiq., Mendon, Ill.,
XIV, 33--!0.
McPrmnsoN, J. H. T. History of Liberia. Johns Hopkins studies in history and
politics, IX ser., 1891, Baltimore.
McRITCHIE, DAVID. Scottish gypsies under the Stuarts. J. GypsyL. Soc. Ediub.,
n, 291-307, 334-363.
Magazine of American History. Ed. Mary J. Lamb. Vols. I-XXIII, 1869-'91. Quarterly.
MAHONDEAU, P. G. Les principales formes cellulaires derivees du feuillet externe
du blastoderme. Rev. Mens de l'Ecole d'Anthrop. de Par., I, 257-268.
Maine Historical Society. Portland, Maine.
- - - Collections. Series 1, v. 9, 1887. 8vo. Series 2, v. 1-4. 8vo.
- - - Proceedings and collections. New series, v. 1, 1890. 8vo.
- - - Documentary history of Maine, v. 2, 1887; v. 4, 1889. 8vo. Brown, Thurston
&Co.
Malcaster College, St. Paul, Minn. Contributions.
MALLERY, GARRICK. Salutations par gestes. Rev. Scient., Par., XLVII, 386-394.
- - - Greeting by gesture. Pop. Sc. Month., N. Y., xxxvnr, 477-490, 629.
MANTEGAZZA, PAOLO. Epicuro; saggio eli una fisiologia del bello. Milano, frat.
· Treves, 278 pp. 12vo.
- - - Le origini e le cause de1l' atavismo. Arch. per l'anthrop., Firenze, xxr, 17-24.
MARANDON DE MONTYEL. Les JJlie~f~ dits criminels. Ann. med.-psych., Par., 7e, s.,
xm, 434-450. [Discussion.] 452-456.
MAHCANO, C. Ethnographic precolombienne du Venezuela; note sur les Cuicas et
les Trinotes. Bull. Soc. d'anthrop. de Par., 4e, s., n, 238-254.
MARCANo, G. Etnografiaprecolumbianade Venezuela. [Trans. byDr.A. P. Mora.]
Boletin del Ministerio de Obras Pliblicas, Caracas, No. 139 and following.
MARCH, H. C. Some neolithic details. Rep. Brit. Ass. Adv. Sc., 1890, Lond., 1891,
LX, 977.
MARCHETTI, D. Di un antico molo per lo sbarco <.lei marmi riconosciuto sulla riva
sinistra del Tevere. Bull. d. Commis. Arch. Comune. d. Roma, XIX, 45-60.
MARILLIER, L. Apparitions of the Virgin in Dordogne. Proc. Soc. Psych. Res.,
Lond., pt. XVIII, 100-111.
MARTIN, E. La verite sur la gran<le muraille de laChine. . Anthropologie, Par., u,
438-444.
MARTIN, T. C. Counting a nation by electricity. Repr. from the Electrical Engineer, New York, pp. 521-530.
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Maryland Academy of Sciences [P. R. Uhler, sec.], Baltimore, Mel., Transactions
(published in signatures), v. 1, pt. 1-104, 1888-'90. 8vo.
Maryland Historical Society, Baltimore, Mel. Annual report, with the charter, constitution and by-laws, etc., and a catalogue of the-society's publications. 18841885. 18~5, 1. 8vo.
MASCARAUX, FELlX. Station humaine et gisement de silex taille a Montant
(Landes). Dax, Labeque, 3, pp. 8vo.
MASKA, K. J. Zur Aechtheit der mahrischeu DiluviaJfuude. Verhancll. d. Berl.
Gesellsch. f. Anthrop., Berl., XXIII, 173-176.
MASON, 0. T. Ahorgiual skin-dressing. Rep. U.S. Nat. Mus., 1888-'89, 553-559.
---The natural history of folk-lore. J. Am. Folk-Lore, Bost. and N.Y., IV, 97-105.
Massachusetts Historical Society [Justin Winsor, sec.], Boston, Mass. Collections, ser. 5, v. 9, 10, 1885-'88; ser. 6, v. 1-3, 1888-'90. 8vo. Reports, 188,:1.-'85,
1886-'87.
Massachusetts Society for Producing Good Citizenship. [C. F. Crehore, sec., 87 Milk
st., Boston, Mass.] Circulars of information, 1888. Lectures upon municipal
government and reform, 1889.
MATHEWS, W. Civilization and suicide. N. Am. Rev., N.Y., CLIII, 470-484.
MATIEGKA, HEINRICH. Crania bohemica. I. Theil. Bohmens Schadel aus dem
VI-XII. Jahrhnndert. Prag, F. Hoerpfer, 157 pp., 4 pl., 5 tab. 8vo.
MAUREL, E. Note sur quelques modifications apportees au compas d'£ipaisseur pour
ses applications i't la mensuration de la poitrine. Bull. gen. de thcrap., etc.
Par., cxx, 153-157.
MAXWELL, G. Slava. Folk-Lore, Loud. , IT, 65-72.
MEISNER. Die Korpergrosse der Wehrpflichtigen in Mecklenburg. Arch. f. Anthrop., Brnschwg., XIX, 317-329.
MELDOLA, R. Photographic Chemistry. J. Soc. Arts, Lond., 787-784, 799-806,
812-821.
MELUSINE. Recueil de mythologie, litterature populaire, traditions et usages. H.
Gaidoz, Paris. Rollam. 1877-'91, Yols. I-VI.
Memoires de la Societe Royale des Antiquaires du Nord. Copenhagen. Nouvelle
series, 1890.
Memoires de la Societe d' Archeologie Lorraine et du Musee Historique Lorraine. 3e
serie:- Nancy, Crepin-Leblond, xxx, 399 pp. 8vo.
Menorah (The) Monthly. Devoted to Jewish interests, literature, science, and art.
Official organ of the B'nai B'rith, New York. 1880-'91, vols. I, xr.
MERCERAT, ALCIDE. Observations relatives a deux articles critiques de Mr. Florentino Ameghino, Buenos Ayres. No imprints. 29 pp. 8vo.
Meriden Scientific Association [C. H. S. Davis, sec.], Meriden, Conn. Transactions, v. 1, 1884-'85 (o. p.); v, 4. 1889-'90. 8vo.
MERZ, C. Notes on cephalometric measurements. Med. Age, Detroit, IX, 737-740.
MESSIKOMMER, H. Zur Fenererzengung der Urzeit. Autiqua, Strassburg, IX, 15, 16.
1\bWER, A. B. On crude jadeite in Switzerland. J. Antbrop. lust., Loud., 1892,
xxr, 319.
---Neue Beitrage zur Kentniss des Nephrit nnd Jadeit, Berlin. R. Friedlander,
42 pp., 2 photolith. pls. 4to. [Abhandl. u. Ber. d. Konigl. Zool. u. Anthrop.Ethnog. Mus. zn Dresden, No.1.]
MEYim, E. H. Die eddische Kosmogonie. Freibnrg. 118 pp.
MEYER, KUNO. On the Irish origin and the age of Shelta. J. Gypsy L. Soc., Edinb.,
II, 257-266.
MEYNERS, D'ESTREY. Les Kalangs cle Java. Rev. Scient., Paris, 1892, XLIX, 46-49.
Michigan Pioneer and Hist. Society. [George H. Greene: Sec.] Lansing, Mich.
Pioneer collections, vol. I-XVII, 1874-'91. Historical collections. Collections and
researches made by the Pioneer aud J:Iist{)ricfl!ll3ociet~, 1888~ v. xi l8921 v, xvm,
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Middlebury Hist. Society [Philip Battell, Sec.], Middlebury, Vt. Papers and proceedings, v. 1-2, 1886. 0. 1-2, th'e marble border of western New England.
Mies. Die Hohenzahl des Korpergewichts der sogenannten Amazonen und Krieger
des Konigs von Dahome. Verhandl. d. Berl. Gesellscb. f. Antbrop., Derl.,
XXIII, 110-114.
---Ueber die Robe un<l die Hohanzahl des Gewichts nnd des Volumeus von
Meuschen und Thieren. Arch. f. path. Anat., etc., Berl., cxxrn, 188-193.
MILLEKim, F. Bericht iibcr die alte Ausiedelnng in der Flur Ludosch der Gemarkuug der Stadt Werschetz. Verhandl. d. Berl. Gesellsch. f. Anthrop., Berl.,
1891, XXIII1 85-97.
Mind. A quarterly revievv of psychology and philosophy. London. Williams &
Co. 1876-'91, vol. 1-xvr.
Minnesota Academy of Natural Science [C. \IV. Hall, Sec.], Minneapolis, Minn.
Bulletins, v. 2, 5, containing 11 Proceedings and accompanying papers, 1881-82."
V. 3, 1 (same), 1883-'85, 1885-'89. 8vo.
Minnesota, Historical Society. St. Paul, Minn. Collections, v. 4, 1885-v. 6, 1,1887.
8vo. V. 5: History of the Ojibway Nation, by W. W. Warren [and E. D. Neill,
ed.]. il. 8vo. 1885. Biennial reports, 1885-'87-'89. 8vo.
Mississippi Historical Society. Jackson, Miss.
Missonri Historical Society. St. Louis, Mo. Publications. No.8, 1885. 8vo.
MITCHELL, C. PrTFIELD. Dissolution and evolution and the science of medicine.
London. Williams & Norgate. 246 p.
Mittheilungen aus Justus Perthes geographischer Anstalt. Gotha. Vol.1, XXXVII,
1885-'91. With Ergi.inzungsbande and indexes. [An excellent guide to all German and foreign geographical publications.]
Mittheiluugen der anthropologiiichen Gesellscbaft in Wieu. \IVieu, Holder. Vol. 1,
XXI, 1871-'91. 4to.
[Excellent in bibliography.]
Mittheilnugen des anthropologischen Vereius in Schleswig-Holstein.
Modern Language Association of America. (A. Marshall Elliott Sec., Johns Hopkins Univ.) Baltimore, Md.
Transactions. V. I, 1884-'85 (1885)-v. 2, 1886 (1887).
Transactions and Proceedings. V. 3, 1887 (1888).
Proceedings. 1884, '85, '8H, '90.
Publications. V. 4, 1888-'89; v. 5, 2,1890.
Monist (The). A quarterly magazine, published in Chicago by The Open Court
Publishing Co., edited by Paul Carns. Vol. 1 in 1890-'91.
MoNSEUR, E. Questionnaire de folk-lore publie par la Societe du folk-lore wallon.
Liege, H. Baillant-Carmaune, xu, 156 pp. 8vo.
MOONEY, JAMES. Die Kosmogonie der Cherokee. Am Ur-Quell, 85-87.
-· - - Growth of a myth, Am. Authrop., 393-394.
MooRE, A. vV. The folk-lore of the Isle of Man. Isle of Man, Browne & Son, 192 pp.
16mo.
MooREHEAD, W. K. The Indian Messiah and the ghost dance. Am. Antequar., XIII,
161-167.
MORAvcsnc, E. E. A degeneratio tuuetek jelenti)seg~ a biinossege hojlamnal. [Significance of degenerative phenomena in tendency to crime.] Gy6gyaszat, Budapest, xxxr, 13-17. Also, tran.sl. [Abstr.]: Pest. med. chir. Presse, Budapest,
XXVII, 193-195.
- - - Significance of degenerative phenomena in tendency to crime. Gy6gyaszat, Budapest, XXXI, 13-17. .Also, tmnsl. [Abstr.]: Pest. med. chir. Presse,
Budapest, XXVII, 193-195.
MoREL, J. u. H. KURELLA. Neue Beitrage zur criminellen Anthropologie. Centralol.
f. Nervenk u. Psychiat., Coblenz n. Leipz., n. F., n, 521-52~.
MORENO, FHANCISCO P. Museo de la Plata. La Plata, 1890-91, Repr. fr. Revista del
Museo.
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MORICE, A. G. The Dene languages. Considered by themselves aml incidentally
in their relations to non-American idioms. Trans. Canad. lust., 1889-'90. 'roronto,1891,~170-212.

MoRTILLET, A. de. L'industrie humaine pendant les temps quaternaires en Italic.
Rev. Mens de l'Ecole d' Anthrop de Par., r, 321-341.
- - - Les propulseurs a crochet modernes et prel1istoriques. Icl., 241-248.
MORTILLET, GABRIEL DE. Chronique prehistoriquc. H.ev. Mens. del'Ecole d'Anthrop. de Par. In every number giving account of archreological publications in
Europe.
- - - Empoisonnement des armes. Rev. Mens. de l'Ecole d'Authrop. de Par., I,
97-106.
MOUAT, F. J. Ou prison ethics and prison labour. J. Royal St:1tist. Soc., Loud., UY.
213-262.
MULLER, F. M. Address to the Anthropological Section of the British Association
at the meeting held at Cardiff in August, 18Hl. J. Anthrop. Inst., Loud., 1891-'92,
XXI, 172-192.
Anthropological religion. The Clifford lectures, 1891. London, 1892,
Longmans, 486, p. 820.
- - - On th~nght and language. Monist, C1Jicago, 1890-'91, I, 572-589.
MuNRO, R. On some archreological remains bearing on the question of the origin of
the Anglo-Saxons in England. Rep. Brit. Ass. Adv. Sc., 1890, Loud., 1891, LX,
976.
MURRAY, DAVID. Note on a bronze-handled pot of Roman manufacture, and two
bronze falling handles found at Barochan, Renfrewshire. Trans. Glasgow
Archrnolog. Soc., Glasgow, l pt., 4. n. s., 498-514, 2 figs.
- - - Note on a stone axe found at Mollandhn, Dumbartonshire. Trans. Glasgow
Archrnolog. Soc., Glasgow, l pt., 4 n. s., 515.
- - - Note on two bronze celts found ~Lt Craighn, Arran. Trans. Glasgow Archrnolog. Soc., Glasgow, 1 pt., 4 n. s., 516.
Museo de Ja Plata, Esploracion Arqueol6gica de la provincia de Catamarca. La
Plata, 1890-'91, Repr. from Hevista del Mnseo de la Plata, I, 199-235 [1-36]. 8vo.
Museon, Le, Revue internationale. Etudes de lingnistique, d'histoire et de philosophic. [Societe des sciences, Societe orientale, etc.] Louvain. Quarterly.
Vols. I-X, 1882-'91.
MusiCK, T. H. The genesis of nature considered in the light of Spencer's philosophy, as based upon the persistelice of energy. New York, J. B. Alden, 12 mo.
MYERS, F. W. H. On alleged movement of objects without contact, occurring not
in the presence of a paid medium. Proc. Soc. Psych. Research, pt. XIX, Loud.,
146-199.
Nachrichten tiber ueutsche Altertlmmsfunde, mit UnterstUtzung des koniglich.
preuss. Ministeriums des geistlichen Unterrichts- und Medicinal-Augelegenbeiten, Herausg. unter Red. von H. Virchow und A. Voss. ErgiinzuugsbHitter zur
Zeitschrift fiir Ethnologic.
NADAILLAC, Mis de. Les plus anciens vestiges de l'homme en Amerique. Rev. de~
Quest. Scient., July, 1891. Bruxelles: Pollennis, etc., 23 pp. 8vo.
- - - Intelligence and instinct. Ex:tr. du Correspondant, Paris, 1892: De Soye et
Fils, 75 pp. 8vo.
- - - Les progres de l'anthropologie. Paris: Soye et Fils., 39 pp. 8vo.
NAIDOO, C. P. SREEHURRY. Hindu matrimonial rites in Madras. J. Anthrop. Soc.,
Bombay, u, 380-403.
National Academy of Sciences, Washington, D. C. Annual reports, 1884-'87, 8vo.
pap. Memoirs, v. 2, 1883; v. 3, 1, 1884; 2, 1886; v. 4, 1, 1888; 2, 1889. il. 4to.
pap. (Sec Appendix, U. S. Government publications.)
National Euucational Association, Washington, D. C. Proceedings issued by U.S.
Bureau of Education. (See Appendix, U. S. Government publications.)
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National Geog. Society [Marcus Baker, sec., U. S. Geol. Survey], Washington, D. C.
National Geog. Magazine, v. 1, 1888-'89-v. 2, 2, 1890. 8vo.
National Prison Association ( ~) Reports, 1884-'86.
Natural History Society of Carbondale, Ill.
Nature. A weekly illustrated journal of science. Lonuon, Macmillan & Co., vols.
44 and 45, in 1891.
Nature's Realm. A monthly magazine of popular natural history. Edited by William C. Harris, New York. Vol. II.
Nebraska State Historical Society [Geo. E. Howard, sec.], Lincoln, Nebr. Report of
secretary. Biennial. Transactions and reports ed. by \V. R. Furnas, v. 1, 1885;
v. 2, 1887. 8vo.
N:EoPHYTOs, A. G. Legree du noru-est de l' Asie Miueure au point de vue anthropologique. Anthropologie, Par., n, 25-35.
Newburgh Bay, Historical Society of, Newburgh, N. Y. Meeting No. 1, 1884.
NEWELL, W. \V. The carol of the twelve numbers. J. Am. Folk-Lore, Bost. and
N.Y., IV, 215-220.
- - The second international folk-lore congress. J. Am. Polk-Lore, Bost. anu
N. Y., IV, 343-351.
New England Historical and Genealogical Register. Boston, vols. I-XIV, 1847-'91.
New England Historical and Genealogical Register. Quarterly, 1884-'90, v. 38, 3,
1884-v. 44, 2, 1890. 8vo. Proceedings at annual meeting, 1884-'88. 8vo. Memorial Biographies, v. 4, 85.
New Hampshire Antiquarian 8ociety, Hopkinton, N. H.
New Hampshire Historical Society, Concord, N.H. Collections, v. 9, 1-4, 1884-'89.
0. Proceedings, v. 1 [constitutes v. 9 (~)of collections]. Proceedings, v. 1, 3;
4, 2, 1 (1876-'89), 1885-'89. 8vo.
New Haven Colony Historical Society [Thos. R. Trowbridge, sec.], New Haven,
Conn. Papers, v. 4, 1888. 8Yo.
New Jersey Hist. Society, Newark, N. J. Proceedings, v. 8, 1884-'85; v. 11, 1, 1890.
0. Documents relating to the colonial history of New Jersey, 1631-1776, 10 v.,
with index, 1880-'88; 8vo. ---Journal of the governor and council of New
Jersey, 1682-1775, v. 1, 2, 1890. 8vo.
New Jersey Natural History Society [I<'. A. Lucas, sec.], Trenton, N.J. Journal,
v. 1, 1886; v. 2, 1, 1889. 8vo. (Note: Formerly Trenton Nat. Hist. Soc.).
New London County Historical Society [Thos. S. Collier, sec.], New London, Conn.
Records and papers, v. 1, 1-5, 1888-'90. 8vo.
New Mexico, Hist. Society of, Santa Fe, N.Mex.
New Orleans Academy of Sciences [A. Fortier, sec.], New Orleans, La. Papers, v. 1,
1, 2, 1886-'88. 8vo.
New York Academy of Anthropology [G. F. Laidlaw, sec., 137 W. 41st st.], New York
City. Transactions, v. 1-2, 1884-'90. (Vol. 2 includes proceedings of international congress, 1888.) Miscellaneous papers.
New York Academy of Sciences (Columbia College, 49th st. and Madison ave.), New
York City. Annals, v. 3, 7, 1885-v. 5, 3, 1890. 0. Transactions, v. 3, 1883-'84
(1885-v. 9, 2, 1890. 8vo.
New York Historical Society [E. F. De Lancey, domestic corresponding secretary,
170 2d ave.], New York City. Collections for 1883-'84. Publication fund series,
v. 16-17, 1884-'85. 8Yo.
New York State Museum of Natural History, Albany, N.Y. Bulletin, v. 1, 2, May,
' 1887. 8vo. Albany.
NICHOLs, HERBERT. The psychology of t ;me. Am. J. Psychol., Worcester, III, 60112, 453-529.
NICOLVCCI, G. La statnra dell' uomo. Anomolo, Napoli, III, 225-231.
NINA RODRIGUES. Os mestivOS Brazileiros. Gaz. Med. da Bahia, 1889 -'90, 3 s., VII,
401, 497.
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Nineteenth Century. A monthly review. Eu ..James Knowles. London. American reprint, Leonard Scott, New York; 77th year in 1891.
NISBET, .J. F. The insanity of genius, etc. London, \Yard & Downey. 368 pp. 8vo.
NISBET, N. The Papuan and his master. Fortnightly Rev., N.Y., n. s. XLIX, 1113426.
.
NIX, JACOB. Der Ansbruch der Sioux-Indianer in Minnesota, Aug. 1862. Mil waukee, 1891, C. A. Rohde Co. 71 pp. 12mo.
North American Review (The).
North Carolina Historical Society. Chapel Hill, N. C.
NoRTH, S. N. D. The development of American industries since Columbus. V.
The manufacture ofwool. Pop. Sc. Month., N.Y., XXXIX, 176-195.
Notes and Queries. A medium of intercommunication for literary men, artists, antiquarians, genealogists, etc. London. Founded in 1885. (See Bolton, Smithson. Puo ... 514.)
NoYES, 'WILLIAM. Reviews of works on psychiatry. Am. J. Psychol., 1891, m,
557-572.
Numismatic and Antiquarian Society of Philadelphia. Publishes report of proceed·
ings. In 1891, Rep. of Proc., 1887-'89. Secretary, Benjamin Smith Lyman.
1884-'9L 8vo.
NUTT, A. An early Irish version of the jealous stepmother and exposed child. FolkLore, Lonu., 1891, n, 87-89.
NUTTALL, Mrs. JULIA. The altatl or spear-thrower of the ancient Mexicans. Cambridge, Mass., Peabody Museum. 30 pp. 8vo.
Oesterreichische Monatsrhrift fiir den Orient. A. Scala. Jahl'gang 17 iu 1891.
Of CeskST Lid. C. Ziort and L. Niederle. Prague, vol. 1, No. 1.
Ohio Archffiological and Historical Society [A. A. Graham, sec.], Columbus, Ohio.
Publications. Quarterly. 1885-'90. Bound in vols., v. 1, 1887-v. 2, 1889.
Ohio Historical and Philosophical Society of, Cincinnati, Ohio. Annual reports,
1883-'89. 0. (Publications) new ser., v. 2, 3, 1885. 8\To.
OnNEl!'ALSCH-RICHTEH, M. Parallelen in den Gebr~i,uchen der alten und der jetzigen Bevolkerung von Cypern. Verhandl. d. Berl. Gesellsch. f. Anthrop., Berl.
[34-43].
Old Colony Historical Society [J. \V. D. Dall, sec. and librarian], Taunton, Mass
Collections, v. 3, 1885; v. 4, 1889. Por. 8vo. Proceedings, 1886'.
Old Residents' Historical Association [Alfred Gilman, sec.], Lowell, Mass. Contributions, v. 2, 1883, v. 4-3, 1890. 8vo.
OLLIVIEI~-BEAUREGAHD.
La justice et les tribunaux dans l'ancienne Egypte. Bull.
Soc. d'Anthrop., Par., 4e s., II, 86-110.
0LSHAUSEN. Zweite Mittheilung iiberden alten Bernsteinhandel und uie Goldfunde.
Ztschr. f. Ethnol., Berl., XXIII, 286-319.
Oneida Historical Society (C. vV. Darling, cor. sec.), Utica, N. Y. Transactions,
1889.
Ons Volksleven. J. Cornelissen and J. B. Vervliet, eds. Brecht and Antwerp, IIII, 1889-'91.
Open (The) Court. Chicago, weekly, vol. 5 in 1891.
Orientalische Bibliographie. Dr. A. Muller, Halle, vol. I-IV; 1888-'91, Berlin,
Reuther.
Oriental Club. Philadelphia. Stewart Culin. Founded in 1888.
ORSCHANSKI, J. G. (Heredity and its law.) Duevisch 4, siez darissk.veach., MoskJ
va, 383-416. [Also: Reprint.]
0TTOLENGIII. Delinquente-nati. Arch. eli psicbiat, etc., Torino, xn, 495-497.
Overlaml Monthly. San Francisco, vol. XVIII, in 1891.
OwENS, J. G. Folk-lore from Buffalo Valley, Central Pennsylvania. J. Am. FolkLore, Bost. and N.Y., IV, 115-158.
--Some games of Znili. Pop. Sc. Month., May, pp. 39-50.
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PACKARDJ R. L. Notes on the mythology and religion of the Nez Perccs. J. Am.
Polk-Lore, Bost., N. Y., IV, 327-;330.
PACKARD, A. S. The Labrador coast, etc. N.Y., 1891, Houges, 5. + 513 pp. 8vo.
PANTUCHOFF, I. I. Influence of transmigration in Trans-Caucasia upon the physical development of the Russians. Russk. Med., St. Petersb., XI, 551, 567, 583.
PARIS, C. L'Annamite, ses caracteres ethniques, anthropologie, Par., u, 185-200.
- - - Les ruines tjames de Tra-Kcon, province de Quang-nam (Annam). Anthropologie, Par., u, 283-288.
PAnKE, '1'. H. My personal experiences in equatorial Africa. Lond., Sampson, Low
& Co., 547 pp., 1 portr., 17 pl., 1 map. 8vo.
PARKER, W. T. Concerning American Indian womanhood; an ethnological stuc"!.y.
Ann. Gynrec., Phila., 1891-'92, v, 330-341. 2 pl.
PASSY, Fmf:mhnc. La cremation. Rev. Scient., Par., XLVII, 1-8.
PAULI, CARL. Die Veneter und ihre Schriftdenkmi.Ller. Leipzig, 1891, Barth., XIV,
456 pp. il. (Rev. in: Mittheil. d. anthrop. Gesellsch. f. Anthrop., xxn, 193-195.
Peabody Academy of Science (Arthur R. Stone: librarian). East India Marine Hall,
Salem, Ma!i!s. Publications Nos. 9-14, 1884-'90. Memoirs, v. II, 1886. Q.
Peabody Museum of American Archreology and Ethnology. Twenty-fifth Annual
Report. 11 pp. Vol. I, 4, 1868-'90. Archreological and ethnological papers,
vol. I, Nos. 1-3.
Pedagogical Seminary (The). An international record of educational literature,
institutions, ancl progress. Edited by G. Stanley Hall, 'Vorcester, Mass., 1891.
Orpha. (First volume published in 1891; 3 numbers a year.)
PEET, STEPHEN D. Altar mounds and ash pits. Am. Antiquar., Mendon, xrn, 85112. 26 figs.
---Comparative art; historic and prehistoric. Am. Antiquar., Mendon, xm,
123-126.
---Defensive works of the mound-builders. Am. Antiquar., Mendon, Ill, XIII,
189-224. 2 pl.
---Editorials in vol. XIII, American Antiquarian, Chicago. Cahokia tablets;
Civilization of the mound-builders; The Sphinxes of Michigan; Water cult and
the deluge myth.
---Emblematic mounds and animal effigies, Chicago. Am. Antiquar. Office, xxn.
350 pp. 12 maps. 8vo.
---The Aryans and the Indians. Am. Antiquar., Mendon, xnr, 119-122.
---The great Cahokia mound. Am. Antiquar., Mendon, xrii, 3-31. 13 figs. 1 pl.
---The mysterious races. Am. Antiquar., Mendon, Ill., xru, 255-281.
---The water cult among the mound·builders. Am. Antiquar., Mendon, Ill., XIV,
3-32. 4 pl.
PENNELL; ELIZABETH R. A gypsy piper. J. Gypsy L. Soc., E(linb., II, 266-277.
Pennsylvania, Historical Society of (1300 Locust st.), Philadelphia, Pa.
Pennsylvania (The) Magazine. Phila. Hist. Soc., v. I-XIV, 1878-'91. Quarterly.
Pennsylvania Magazine of History and Biography. Quarterly. V. VIII, 3, 1884; v.
xrv, 2, 1890. 8vo.
Pennsylvania Historical Society of Pittsburg and Western Pennsylvnnia, Pittsburg,
Pa.
Petermann's Mittheilungen. Gotha. Perthes. Geographischer Literatnrbericbt fUr
1888-'89, Beilage yum 34 bis 35 Bande.
PFITZNER, W. Varietaten-Statistik uud Anthropologie. Anat. Anz., Jeua, VI, 573590.
PHENE. On an unidentified people occupying parts of Britain in pre-RomanBritish times. Rep. Brit. Ass. Adv. Sc., LX, 974.
Philadelphia Academy of Natural Sciences, Philadelphia, Pa. J onrnal ( 4 pts. per
vol.), issued irregularly, v. 9, 1, Aug., 1884; 2, Aug., 1888. Proceedings, 3° ser.
(3 pts. a year), 1884. 1 (My-0), 1890, 1 (Ja-Mr). 0. Monthly. v. I, 1-6, 1890.
8vo.
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Philadelphia Social Science Association (Benj. Hayllar, Sec., 720 Locust st.), Philadelphia, Pa. Note.-Now mergecl in Academy of Political and Social Econollly
of America.
PHISTER, N. P. The Indiau YI:essiah. Am. Anthrop., Wash., IV, 105-108.
PmRCE, CHARLES S. The architecture of theories. The Monist, Chicago, r, 161176.
PIGORINI-BERI 1 CATHERINE. Le tatouage religieux et amoureux au pelerinage de
N.D. de Lorette. Arch. de l'anthrop. crim., Par., VI, 5-16, 2 L. Illustr.
Pejepscot Historical Society [J. P. Booker, sec.], Brunswick, Me. Collections, vol.
I, 1-2, 1889. 8vo.
PILLING, JAMES C. Bibliography of the Algonkian languages. Bur. Ethnol., Special Bulletin.
---Some queer American characters. Analostan Mag., ·wash., I, 56-63.
PINCHES, T. G. Types of the early inhabitants of Mesopotamia. J. Anthrop. Inst.,
Lond., XXI, 86-98.
PLATTEEUW. Cranes humains de la race malaise et objets d'ethnographie de Borneo et de Sumatra. Bull. Soc. d' Anthrop. de Brux., 1889-'90, VIII, 232-238.
PLEYTI~, C. M. Sumpitan and bow in Indonesia.
Internat. Arch. f. Ethnog., Leiden, IV, 265-281. 2 pl.
PLoss, H. Das Weib in der Natnr- uud Volkerkunde. Anthropologische Studien.
Nach dem Tode des Verfassers bearbeitet und hrsg. von Dr. Max Bartels. Lief.
1-5, 3. Aufi., Leipz., L. Fernau. 575, 64 pp., 5 pl. 8vo.
PommR, PAUL. Topographic cranio-encephalique. Trepanation. Paris: Lecroisnier & Babe, figs. 8vo.
Political Science Quarterly (The). Univ. Paculty of Political Science) Columbia
College. New York. Vols. I-v, 1887-1891.
POMEROY, H. S. Is man too prolific~ The so-called Malthusian idea. With letters
from the right honorable W. E. Gladstone, M. P. Loud. and N. Y., Punk &
Wagnalls. 64 pp. 12mo.
PONTECORVO. II tatnaggio e sua importanza antropologica e medico-legale. Spallanzani. Roma, 2 s., xx, 169-208.
POORE, GEORGE V. La vie au sein de la terre. Rev. Scient., Par., XLVII, 42-47.
Popular (The) Science Monthly. New York. Wm. J. Youmans. 1891. Vol. XL
Population (The) of the earth. Pop. Sc. Month., N.Y., xr, 400-405.
PORDES. Trinkgefasse in Bosnien und im Herzogischen. Am. Ur-Qnell, n, 47-48.
POST, ALBERT HERMANN. Ethnological jurisprudence. Monist, Chicago, II, 31-40.
Prince Society [R. N. Toppau, cor. sec., Cambridge], Boston, Mass. Publications,
1884-'90. 4to.
PROAL, L. Le crime, le elimat et la nourritnre. Rev. Scient., Par., XLVIII, 467-472.
Proceedings of the Academy of Nat ural Sciences of Philadelphia. By the academy.
Vol. I) 3 s., XXI, 1891.
Proceedings of the American Antiquarian Society. Worcester, Mass. 1891, vol. vn.
Proceeflings of the American Association for the Advancement of Science. Fortyfirst annual meeting, Washington, 1891.
Proceedings of the Arnencan Philosophical Society. Held at Philadelphia for
promoting useful knowledge. Philadelphia: For the Am. Phil. Soc. by McCalla & Stavely, 1891, vol. XXIX.
Proceedings of the Asiatic Society uf Bengal. Calcutta, vol. r, 1865-1891.
Proceedings of the Canadian Institute. Toronto, vol. 1, 3 s., vn.
Proceedings of the Rochester Academy of Sciences. Rochester. By the Society.
1891, vol. I.
Proceedings of the Royal Geographic Society. London, Stanford, 1879-1891, vols.
I-XIII.
Proceedings of the Royal Institute of Great Britain. By the Society. London.
Proceedings of the Hoyal Irish Academy. By the Academy. Dublin, 1880-1891,
vols. I-n, 3 ser.
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Proceedings of the Society of Antiquaries. London. 2 ser., vol. x v, 1891.
Proceedings of the Society of Biblical Archreology. London, 1879-1891, vols. I-XIII.
Proceedings of the Society for Psychical Research, 1882-1891, vols. I-VIII. Issued in
parts to members.
Pro gramme of tile Semitic department. Harvard University, 1891-'92.
PULSZKY, F. VON. Ueber die vorgeschichtliche Zeit Ungarns, Arch. f. Anthrop.,
Brnshwg., 1891-92, xx, 349-351.
PuTNAM, P. vV. American Ethnology. An interesting suggestion for the Columbian Exposition. The Chicago Tribune, May 31, 1890, p. 12.
- - - A singular ancient work at Foster's, Warren County, Ohio. Proc. Am. Assoc. Adv. of Science, 1890, XXXIX, 389.
---Obituary notice of Charles L. Flint. Proc. Boston Soc. Nat. Hist., 1890, XXIV,
p. 199.
---On the ancient hearths in the Little Miami Valley. Proc. Am. Assoc. Adv.
Science, 1890, XXXIX, p. 389.
---Prehistoric remains in the Ohio Valley. The Cent. Magazine. March, 1890,
pp. 698-703. il.
- - - Remarks on early man in America. Pro c. Boston. Soc. Nat. Hist., 1890, XXIV,
p. 468.
---Remarks upon the Nampa image. Proc. Boston Soc. Nat. Hist., 1890, XXIV,
p. 449.
---Report as permanent secretary of the American Association for the Advancement of Science. Proc. Am. Assoc. Adv. of Science, 1889, xxxvJn, p. 481.
---Report as permanent secretary. Proc. Am. Assoc. Adv. of Science, 1890, vol.
XXXIX, p. 476.
---Report of the curator. Twenty-third and Twenty-fourth Reports of the Peabody Museum. Dec. 2, 1890, pp. 87-107. Cambridge.
- - - Suggestions relating to an ethnographical exhibition. Appendix to the report of the committee on permanent organization submitted to the meeting of
the commissioners of the w·orld's Columbian Exposition, Sept. 18, 1890. Chicago,
1890.
---The Peabody Museum of AmericanArchreology and Ethnology in Cambridge.
Proc. Am. Antiq. Soc, VI, No.3, new series, 180-190. Separately printed.
- - - The serpent mound of Ohio. The Cent. Magazine, April, 1890, 871-888.

Ill.
---Twenty-fifth Report of the Peabody Museum to President Eliot. In report
of the president of Harvard University, 1892.
Quarterly summary of archmological discoveries and work, etc. Archmol. Rev.,
Loud., 1888, n, 251-266.
QUATREFAGES, ARMAND DE. The peopling of America. Pop. Sc. Monthly, N. Y.,
XXXVIII, 305-313.
Quarterly (The) Journal of Economics. Harvard Univ., Cambridge, Mass., vol.
v in 1891.
RAE, JonN. Contemporary socialism. London, 1891. Swan Sonnenschein, 505 pp.
RAILTON, T. C. Sporadic cretinism. Brit.lVI. J., Loud., I, 694.
RAIMON, AUGUSTE. Dicu et l'homme; etude philosophique. Paris, Balliere, 192 pp.
8vo.
RAND, S. T. The story of the Moosewood man. Am. Antiqnar, XIII, 41, 42, 16$!, 170.
RAVENSTEIN, E. J. Colonization and its limitations. J. Soc. Arts, Loud., 1890-'91,
XXXIX, 269-275.
RAY, S. H. Note on the people and languages of New Ireland and Admiralty Islands.
J. Anthrop. Inst., Lond., 1891-'92, xxr, 3-13.
READ, CHARLES H. An account of a collection of ethnographical specimens formed
during Vancouver's voyage in the Pacific Ocean, 1790-'95. .J. Anthrop. Inst.,
Loud., 1891-'92, xxn, 99-108, 2 pl.
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READ, CHARLES H. Collection of ethnographical specimens formed during Vancouver's voyage in the Pacific, 1790-'95. J. Anthrop. lust., Loud., XXI, 99-108,
pls. x, XI.
---Ethnographical specimens found during Vancouver's voyage in the Pacific
Ocean. J. Anthrop. Inst., Loud., xxi, 99-108, 2 pl.
- - - -Origin and sacred characters of certain ornaments of the S. E. Pacific. J.
Anthrop. lust., Loud., XXI, 139-159, pls. XII-XIV.
RECLus, ELm. Primitive folk: studies in comparative ethnology. New York.
Charles Scribner's Sons, 336 pp. 8vo.
Records of the past. Ed. Sayee. London, Bagster.
REEVE, C. H. The prison question. Chicago, McClurg, 200 pp. 8vo.
REGNAULT, F. Des beguins. Bull. Soc. d'Anthrop. de Par., 4L ::-;., I, 662-680.
- - - Le pied prehensile chez les Inuons. Compt. rend. Acad. d. Sc., Par., 1891,
CXIII, 871-873. (Also Rev. Scient., Par., 1892, XLIX, 76-80.)
REICHARD, P. Deportment of savage negroes. [Transl. from Das Ausland.] Pop.
·
Sc. :Month., N.Y., 1891, xxxrx, 330-337.
RENTON, A. W. The dangers of the new alienism. Med. Leg. J., N. Y., 1891-'92,
IX 1 17-20.
Report of committee appointed to carry on excavations at Oldbury Hill, near
Ighlham, in order to ascertain the existence of rock shelter or otherwise ou
this spot. Rep. Brit. Ass. Adv. Sc., vn.
Report of a committee appointed for the purpo'le of eLUting a new euition of "Anthropological Notes and Queries." Rep. Brit. Ass. Adv. Sc., VIII.
Report of a committee for the purpose of carrying on the work of the Anthropometric Laboratory. Rep. Brit. Ass. Adv. Sc., VIII.
Report of committee to complete the investigation of the caYe of Elbalton, near
Skipton, in order to ascertain whether remains of palreolitbic man occur in the
lower cave earth. Rep. Brit. Ass. Adv. Sc., vrr.
Report of the Government Hospital for the Insane to the Secretary of the Interior,
80pp.
Report of proceedings of the Numismatic and Antiquarian Society of Philadelphia.
Rep. of 1887-'89 in 1891.
Reports of the Archreological Institute of America, 1889, x; 1890, XI.
RETZIUS, G. Das Gehirn eines LappHinders. Iuternat. Beitr. z. wissensch. Med.,
Berl., I, 41-56, 3 pl.
Review of Reviews. Monthly. London anu New York. Vol. IV in 1891.
Revista del Museo de la Plata. Vol. 1, 1890-'91. By E. P. Moreno, <lirector.
Revue archeologique, on recueil de documents et de memoires reJatif::; i\ l'etude des
monuments, etc. Paris. Vol. I, s. 1, n. s. 51, 1844-'91.
Revue celtique. Eel. H. d'Arbois de Jubainville, I-xr, Paris.
Revue de l'histoire des religions. Jean Re\rille. P~tris, E. Leroux for Mnsce
Guimet. (See t~lso Annales cln Musee Guimet, 1887-'91, I-V.) [Excellent bibliographies of religion and kindred subjects.]
Revue de l'hypnotisme. Paris.
Hevue de linguistique et de philologie comparee. Paris, Maisonneuve, 1858-'91,
vols. I-XXXIV.
Revue des Deux Moncles. Paris, 108th volume in 1891.
Hevue des etudes grecques, publication trimestrielle cle "l' Association pour !'encouragement des etudes grecC]_nes." Paris, Ernest Leroux, editor. Torue IV, No.
15, Juillet, Septembre.
Revue cles questions scientifiques. Bruxelles.
Revue des trauttions populaires. Organ of Societe cles traditions po11ulaires au Musee d'ethnographie clu Trocadero. Paris, MaisonnenYe, 1886-'91' I-VI.
Revue d'ethnographie de la Societe imperiale des amis des sciences naturelles.
Moscou. 1889-'91: vols. I-IV.
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Revue mensuelle de I' Ecole d'anthropologie de Paris. Pnbli<'ie par les professeurs.
[First number in Jan.] Paris, Felix Alcan, cditeur. [Association pour l'enseignement des sciences anthropologiques. Reconnne d'ntilite publiqne.]
Revue philosophique. Paris, Alcan., 1860-'91, vols. I-xxxn.
Reyue scientifique (Revue Rose), eel. M. Charles Richet, Paris. Bnreau des Revues.
Vols. XLVIII, XLIX. Weekly. 4to.
Rhode Island Historical Society, Providence, R. I. Collections. Proceedings.
RuYs, J. Welsh fairies. The psychology of the stone age. Nineteenth Cent., N.
Y. [Loud.], xxx, 564-574.
RICCARDI, P. Pregiudizi e superstizioni del popolo Modenese. Arch. per 1' Anthrop.,
Firen.ze, 1890, xx, 73, 307. il. Facsimile.
RISLEY, H. H. The tribes and castes of India. Anthropometric data, Calcutta.
Bengal Secretariat Press, 876 pp. in 2 vols. 8vo.
ROBERT, ULYSSE. Les signes d'infamie au moyen age. Paris. H. Champion, 189
pp., 6 pl. 12mo.
HIGGS, STEPHEN R. A Dakota-English dictionary. Contributions to North American Ethnology, VII. Bureau of Ethnology, Washington.
RoBINSON, GEORGE T. Decorative plaster work, modeled stucco work. J. Soc.
Arts., London, XXXIX, 439-455.
ROBINSON, L. Darwinism in the nursery [from the Ninteenth Century]. Pop. Sc.
Month., N.Y., 1891-'92, xL, 674-686.
---Infantile atavism. :Brit. Med. J., Lond., n, 1226.
Hochester Academy of Science [Frank C. Baker, sec.], Rochester, N.Y. Proceedings, I, pp. 1-100, 1890. 8vo.
ROCKHILL, vV. W. Notes on some of the laws, cnstoms, and superstitions of Korea.
Am. Anthrop., Wash., 177-187.
---The land of the Lamas, notes of a journey through China, Mongolia, and Tibet.
N.Y. Century Co., maps and ill., 480 pp. 8vo.
- - - Tibet; a geographical, ethnographical and historical sketch derived from
Chinese sources. J. Roy. As. Soc. of Gr. Br. and Ireland, London, Triibner,
1-133, 185-291.
ROFT, A. H. Da,s Volksleben als wissenschaftliches Problem. Am Ur-Quell, II,
69-71.
ROMANES, G.-J. L'evolution men tale chez l'homme; origine des facnltes humaines.
Trad de l'anglais par Henry de Variguy. Paris, F. Alcan, VIII, 4H pp. 8vo.
---Thoughts and language. Monist, Chicago, 1891-'92, II, 56-69.
ROMANIA. Folk-lore papers published in this journal. Paris. Vol. I-II.
ROTH, H. L. The natives of Borneo. J. Anthrop. Inst., Loud., 1891, XXI, 110-134.
ROWLAND, E. D. Some remarks on the fertility of negro women and its influence
on the population of the colony of British Guiana. Brit. Guiana M. Ann., Demerara, 19-36.
Royal Ethnographic Museum in Leyden.
ROYER, CLEMENCE ET LAGNEAU. Discussion sur la depopulation de la France.
Bull. Soc. d'Authrop. de Par., 1890, 4e s., I, 680-706.
RUBBENS, C. Evolution religieuse au Congo. BulL Soc. d' Anthrop., Par., 4e s., II,
257-273.
RUDINGER. Die Rassen-Sch~tdel uncl Skelette in der konigl. anatomischen Anstalt
in Miinchen. Brannschwg., 1892, Vieweg u. Sohn, XIII+ 207 p., 4to.
RUDLEH, E'. W. On the source of the jade used for ancient implements in Europe
and America. J. Anthrop. Inst., Lond., 1891, xx, 332-342.
RuNGE, G. Versuch einer anthropologischen Untersuchung des neugeboreuen Schadels. Arch. f. Anthrop., Brnschwg., 1891-'92, xx, 303-319.
RYDER, J. A. An attempt to illustrate some of the primary lawt~ of mechanical evo,
lution. Proc. Acad. Nat. Sci., Philadelphia, 62-70.
S~cred boo!\.§ oftl!e ~asp, Max Mtill~l\ J.,qqdou. 1 vols, 1-XXX:YJ,
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SALi\ION, P. Age de la, pierre. Tableau de la division industrielle de la periode
neolithique. ReY. mens. de l'ecole d'anthrop. de Par., r, 26.
SANFORD, EDMUND C. A bboratory course in physiological psychology. Am. ,J.
Psycho!., Worcester, rv, 141-156.
SANTA-ANNA NERY, F. J. DE. Folk-lore bresilien, poesie populaire, contes et
lcgendes, fables et mythes, poesie, musique, danses et croyances des Indiens, accompagne de donze morccanx de musique. Tours, Des] is. freres, xu, 272 pp. 16mo.
Santa Barbara Society of Natural Histo:·y [Mrs. F. E. Lord, curator], Santa Barbara, Cal., Bulletin, 1887.
SAPPER, KAHL. The Lacaudaus. Ansland, No. 45.
SASSE, JOIIAN. Over zeenscheschedels. [Amsterdam.] Koogaan de Za:m, P. Ont,
94 pp. 8vo.
SAUSSURE, HENRI DE. Autiquites mexicaines. Geneve, 1891, fasc. 1. Le manuscrit
du cacique.
SAUVAGE, HIPI'OLYTE. Lcgendes normandes recue1llies t: ans ]'arrondissement <le
Mortain (Manche). 3e Cd. Mortain, Leroy. 172 pp. 8vo.
SCHAAFHAUSEN, H. Die Kelten, Festscbrifte, etc. Bonn, 62-106.
Scandiuavian antiquities [Rev.] Edinb. Rev., CLXXru, 33:?-359.
SCHAEFFER, 0. Beitrag zur Aetiologie der Schwanzbildungen beim Menschen.
Arch. f. Anthrop. Brnschwg. , xx, 189-224, 2 pl.
SCIIELL, D. St. Martinstag im Ber.gischen. Am Ur-Quell, rr, 72-73.
ScHELLONG, 0. Beitri.i,ge zur Anthropologie der PapuaR. Ztschr. f. Ethnol., Berl.,
XXIII, 156-230, 4 pl.
SCHMELTZ, J.D. E. Die Sammlungen aus Korea im ethnographischen Reichsmuseum
zu Leiden. Internat. Archiv f. Ethnog., Leiden, v. 45-46, 3 ills.
SCHMIDT, A. Zur Kenntniss des Zwergwuchses. Arch. f. Anthrop., Bmsclnvg.,
xx, 43-81.
School of Applied Ethics. Plymouth , Mass., S. Bnrns, Weston, Phila.
ScHRADER, 0. Prehistoric Antiquities of the Aryan people: A manual of comparative philology and the earliest cnlture, being Sprachvergleichung nnd
Urgeschichte. Trans. by F. B. Jevons, N. Y., 1890, Scribner & 'Velforcl, 486 pp.
8vo.
SCHRENK-NOTZING. Thought-Transference. Proc. Soc. Psych. Res., pt. xvnr,
Lon d., 3, 22.
ScHUCHIIARDT, C. Schliemann's excavations: An archreological and historical study;
from the German by Miss Eugene Sellers; with appendix on latest researches,
by Drs. Schliemann and Dorpfeld. New York, Macmillan & Co., 32,363 pp. 8vo.
ScHULZE, Lours. Aborigines of the upper and middle Finke river, Australia,
Trans, etc., Roy. Soc. S. Australia, Adelaide, xrv, 210-292.
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THE MOUNDS OF THE MISSISSIPPI VALLEY, HISTORICALLY
CONSIDERED.*

By

LUCIEN CARR.

In a paper upon the Prehistoric Remains of Kentucky, published in
the first volume of these memoirs, I have expressed the opinion that it
was impossible to distinguish between a series of stone implements
taken from the moumds in the Mississippi Valley and a similar series
made and used by the modern Indians. In fact, so alike are these
objectR in conception and execution that any attempt to distinguish
them, based upon form or finish, must be but the merest g·uesswork.
From the rude knife to the carved and polished "gorget" they may,
one and all, have been taken from the inmost recesses of a mound or
picked Llp on the surface amid the debris of a recent Indian village,
and the most experienced archffiologist, if called upon to decide as to
their origin, would have to acknowledge himself at fault.t Nor does
this similarity stop with objects made of stone. On the contrary, it is
believed to extend to all the articles, of every kind whatsoever, that
have thus far been taken from the mounds. Indeed, I might even go
further, and as the result of some years of work, as well in the :field afJ
in the library, venture the assertion that not only has there not as yet
been anything taken from the mounds indicating a higher stage of development than the red Indian of the United States is known to have
reached, but that even the mounds themselves, and under this head
are included all the earthworks of the Mississippi Valley, were quite
within the limits of his efforts.
This conclusion, together with its corollary as to the origin of these
structures, is neither new nor original; and yet, in spite of the simple
explanation it gives of the mound question, or, perhaps, it might be
more correct to say on account of this very simplicity, it has made its
way but slowly. It seems difficult to account for this fact except on
"Memoi1·s of the Kentucky Geological Survey, vol. n, 1883; N. S. Shaler, Director.
tCompare Schoolcr-aft's Indian Tribes of the United States, vol. rv, p. 141. Brinton, Flo1'idian Peninsula, p. 176: Philadelphia, 1859. M. F. Force, Some Considerations
on the Mmmcl-builders, p. 72: Cincinnati, 1873. S. F. Haven, in vol. VIII of the
Smithsonian Contributions to Knowledge, p. 158. Lapham, in vol. VII of same,p. 30.
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the ground that those who have written upon this subject, and who
have, to a certain extent, molded public opiuion, have approached it
from one side only. They have usually belonged to the class of practical explorers, and have brought to the investigation a certain number
of facts, chiefly cumulative in character; but they have not, as a rule,
been possessed of that measure of historical information which is necessary to a correct interpretation of these facts. Being thus, as it were,
but half prepared for the work, they have, not unfrequently, given too
rpuch play to the imagination, and carried their theories much farther
than the facts would warrant. Impressed with the size and character
of these remains, or led astray by certain resemblances, fancied or real,
to similar objects elsewhere, they have used them as a basis for reconstructing a phase of civilization to which, in point of religious, artistic,
and political development, they declare the Indian to have been unequal. From these extreme views there has always been more or less
dissent.* Even Mr. Squier, who, iu his famous work "The .Ancient
Monuments of the :Mississippi Valley," makes no distinction in these
remains, but speaks of the Mound-builders as an "extinct race," t and
contrasts their progress in the arts with the low condition of the modern Indians, t is obliged, in a subs~quent publication, to modify his
views and draw a line of demarkation between the earth-works ot
western New York and those found in southern Ohio, especially those
·:+ "They" (the earthworks) '(differ less in kind than in degree from other remains
respecting which history has not been entirely silent:" Haven in vol. VIII of the
Smithcnian ContT'ibutions, p. 158. "There is nothiug, indeed, in the magnitude
and structure of our vVestern mounds which a semihunter and semiagricultural
population, like that which may be ascribed to the ancestors or Indian predecessors
of the existing race, coultl not have executed:" Schoolcroft's Indian Tribes of the
United States 1 vol. I, p. 62. HAll these earth works-and I nm inclined to assert the
same of the whole of those in the Atlantic States and the majority in the Mississippi
Valley-were the production not of some mythical tribe of high civilization in remote antiquity, but of the identical nations found uy the whites residing in these
regions:" Brinton, Flm·id'ian Peninsula, p.176: Philadelphia, 1859. ('No doubt that
they were erected by the forefathers of the present Indians, as places of refuge
against the incursions of their enemies, ::tiHl of security for their women and children
when they were comp elled to leave them for the duties of tile cilase :" Gen. Lewis
Cass, in North Anwrican Bcriew for .January, 1826. ('Nothing iu them which may
not have been performed uy a savage people:" Gallatin, in Archreologia Americana
vol. n, p.149. "The old idea tilat the Mouud-builders were peoples distinct from
antl other thnn the Indians of the fifteenth and sixteenth centuries and their progenitors, appears unfounded in fact, and fanciful:" C. C. Jones, in North American
Ret,iew for January, 1874, p. 80. "Mound-uuilders were tribes of American Indians
of the same race with the tribes now living:" M. F. Force a,t the Congr"'s International des Americanistes: Luxembourg, 1877. "The progress of discovery seems
constantly to dimiuish the distinction between the ancient and modern races; and
\t may not be very wide of the truth to assert that they were tile same people:"
Lapham, in Smithsonian Contributions to Knowledge, vol. vn, .P· 29.
t Smithson·i an Cont?·ibutions to Knowledge, vol. I, p. 306: vVashington, 1848.
:j: l.
pp. 188 and 242.
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which he styles religious or "sacred inclosures." The former of these,
he thinks, were erected by the recent Indians, and he supports this
view by a chain of reasoning that is believed to be unanswerable. In
it he institutes a comparison between the "relics of art and traces of
occupancy" found within them, and those which mark the sites of
towns and forts that are known to have been occupied by the Indians,
and pronounces them to be identical. To this powerful argument,
drawn from what may, not inaptly, be termed the facts of the mound,
he adds very copious notes as to the origin and use of such structures
among the people of all ages and countries, though, of course, with
special reference to those that are known to have been erected by the
American Indians. In this historical retrospect he permits the facts
to speak for themselves with most commendable impartiality, even
though, as he frankly admits, they led to the conclusion, little anticipated when he started on the trip of exploration,'' that the earth-works
of western New York were erected by the Iroquois or their western
neighbors, and do not possess an antiquity going far back of the discovery."*
To this conclusion, so far as it goes, I certainly do not object. Unfortunately, however, it stops short of the mark; and this is the more
to be regretted, inasmuch as it is believed that the line of argument
by which Mr. Squier convinced himself that the defensive works of
western New York were erected by the modern Indians would, if it had
been applied to the earth-works of the Mississippi Valley of every kind
whatsoever-to the so-called sacred inclosures not less than to the
hill forts-have led him to precisely the same conclusion. The two
propositions rest upon essentially the same foundation, and, as we
shall see later on, must stand or fall together.
Before beginning this task, however, it may be well to premise that
it is not intended, in the course of this investigation, to assert that the
mounds were built by any particular tribe or tribes of Indians, or at
any particular time; neither is it claimed that each and every tribe
living within the Mississippi Valley erected such structures. So far
as my present purpose is concerned, they may have been built by any
tribe that can be shown to have occupied the regions where they are
ound, and at any time during the period of such occupancy. All that
I intend to assert is, that, admitting everything that can be reasonably
claimed by the most enthusiastic advocate of the superior civilization
of the Mound-builders, there is no reason why the red Indians of the
Mississippi Valley, judging from what we know, historically, of their
development, could not have thrown up these works. This proposition
is not as complete as could be desired, and yet it probably embodies
all that can ever be proven on this subject. Ability and performance
* "Aboriginal Monuments of the State of New York." in Smithsonian Contt·ibutions
to Knmoledgr., vol. n, p. 83: Washington, 1851.
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do not always go hand in band, and the fact that a people could have
executed a piece of work does not, by any means, authorize the conclusion that they did so. Between the two there is, logically speaking,
a wide gulf which can only be successfully passed by a resort to what
is known as the law of probabilities. This is unfortunate, but under
the circumstances it is unavoidable; and although it will, unquestionably, cause our conclusion to lack somewhat of the force of a scientific
demonstration, yet it is believed that after making all due allowance;
there will remain such a volume of evidence in favor of our proposition
as to justify a favorable decision. In all human probability it will
never be known who huilt these mounds in the same sense in which it
is known who built Westminster Abbey; but if it can be demonstrated
that the people who erected them were in the same (neolithic) stage
of civilization that the Indians are known to have attained, and if,
further, it can be shown on undoubted historic authority that these
Indians built both mounds and earth-works, which differ in degree but
not in kind from similar structures that are assumed to have been the
work of an extinct people, whom we have called the Mound-builders,
then it must be acknowledged that a strong argument is made out in
favor of the identity o'f the origin of the two systems of works. To
reject this conclusion without some positive evidence to the contrary
would involve as great an absurdity as it would be to maintain,
supposing all record of the fact to be lost, that Westminster Abbey
wa8 built by a people belonging tu a different race from that which is
known, formerly, to have lived in London, and for no better reason
than because the English of to-clay have ceased to build such abbeys.
This much being premised, we are now ready to take up the thread
of our investigation; and by way of beginning, let us examine into the
accounts, given by the early writers, of the mode of life and the civil
and religious polity of the Indians in order to find out whether there is
anything that would lead us to condude, a priori, that it was impossible for them to have erected these works. On the part of those who
hold affirmative views on this point, it is contended that a system of
works of the si?e, say of those in the Scioto Valley, would have required the united labor of many persons for a long period of time, and
that as the Indians were hunters-not agriculturists,-ancl averse to
labor, they could not have carried it on, for the reason that7 owing to
their wandering and precarious mode of life, the means of subsistence
would have failed them, even if there had been some central authority,
or some controlling motive strong enough to impel them to the undertaking.* This is believed to be a fair statement of the argument, and
if well founded, it would be decisive of the matter. Upon examina*Squier, Ancient Monuments of the .Mississippi Valley_. pp. 45 and 301 et seq.:
Washington, 1848. Foster, P1·ehistm·ic Races of the United States, p. 346: Chicago,
1~73. Baldwin, Ancient America, p. 34: New York, 1872. McLean, Mound-builders,
pp. 124 and 5: Cincinnati, 1879.
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tion however it will be seen that it is based upon the assumption that
the Mound-builders were an agricultural people, and lived under a
strongly centralized form of government, no matter whether that government was one of force, or of opinion founded upon policy or religion.
This assumption is probably not far from the truth; but to have any
weight in this discussion, it must carry with it, as a correlative, the
further admission that the Indian was not an agriculturist, and was
not subject to any such central authority, or controlled by auy such
impelling motive. This of course is not admitted, and it is precisely
upon these points that the issue is to be joined.
I.-THE INDIAN AS AN AGRICUL'l'URIST.

Taking up, in their order, the requirements that are admitted to have
been possessed by the builders of these mounds, and which are popularly supposed to have been wanting in the Indian, we are met, first of
all, with the statement, made either directly or by implication, that he
was not an agriculturist, but depended almost entirely upon the chase
for the means of subsistence. * True, there exists a vague notion that
succotash and hominy were not unknown in the aboriginal cuisine, and
there may be those of us who are sufficiently skilled in culinary matters to say that these succulent dishes are made of Indian corn; but
of the substantial truth of the above statement there is little or no
doubt, even among those who have taken the trouble to write on the
subject. Exactly why this is so, when all the records tell uR that the
early colonists in New England, Virginia, and elsewhere throughout
the eastern portion of the United States owed their lives, on more than
one occasion, to the timely supplies of corn begged, bought, or stolen,
from the natives,t is something of a mystery, though perhaps it is
""Ancient Monuments of the Mississippi Valley, p. 45. Bald \Vin, Ancient A ·merica, p.
34-. Fol'lter, P1·ehisto1·ic Races of the United States , p. 300. Schoolcraft's Indian Tl'ibes
of the United States, vol. vr, p. 183. Gookin in vol. r of the first series of the Massachusetts Historical Collections, p. 149. Colden's Histm·y of the Five Nations, p. 13;
London, 1767.
t Plusieurs nations sauvages s'etablirent sur le Mississippi assez pres de la Nouvelle Orleans et comme la plupart de ces Peuples sont claus !'usage de cultiver la terre,
ils defi'icherent des grands terreins, ce qui fut une resource pour cette ville a laquelle
ils ont sou vent fourni des vivres dans le besoin:" Charlevoix, Histoire cle la Nouvelle
France, vol. IV, p. 198: Paris, 1744. "I was safely conducted to Jamestowne, where
I found about eight and thirtie poore and sicke creatures; - - - such wtts the
weakness of this poore commonwealthe as, had the salYages not fed us we directlie
had starved. And this relyfe, most gracious Queene, was commonly brought by this
lady Pocahontas; - - - during the time of two or three yea res, shee next, under
God, was still the instrument to preserve this colonie from rleath, famine and utter
confusion:" Capt. Smith, Relation to Queene Anue in History of Virginia, p. 121:
London, 1632. "By selling them corn, when pinched with famine, they" (the Indians) ''relieved their distresses and prevented them from perishing in a strange land
anJ uncultivated wilderness:" Trumbull, Connecticnt, vol. r, p. 47: Hartford, 1797.
"They got in this vioage, in one place and other, about 26 or 28 hogsheads of corne
and beanes:" Bradford's History of Plymouth Plantation, in Mass. Hist. Coll., vol.
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not more inexplicable than it is to account for the efforts, at this late
day, of earnest and intelligent men to have the Indian shown how to
raise corn, and this in face of the fact that he has cultivated that most
useful cereal for hundreds of years, and actually taugllt our ancestors
the process.* These are but samples of the loose way of thinking
that prevails upon this and kindred topics, and it must be our excuse,
if any be needed, for going into the matter somewhat in detail. Fortunately, the material for this purpose is quite abundant, and the testimony so uniform that of the main fact-the cultivation of corn in
greater or less quantities by all the tribes living east of the MissiBsippi
and south of the St. Lawrence and the Great Lakes-there can not be a
shadow of doubt.t .All the early writers are agreed upon the point,
and there is no room for a difference of opinion, except, perllaps,
in regard to the amount grown. Upon this point, too, the evidence is explicit. Instead of cultivating it in small patches as a
summer luxury, it can be shown, on undoubted authority, tllat everywhere, within the limits named, the Indian looked upon it as a staple
article of food, both in summer and winter; that he cultivated it in
III, fourth series, p. 129. ."Others fell to plaine stealing, both night and day, from
ye Indeans, of which they grievousl,y complained. - - - Yea, in ye end they
were faiue to hange one of their men, whom they could not reclaime from stealing:"
Ibid., p. 130. "Sometimes these savages" (the Hurons and Onattawacs at Missilmakinac) "sell their corn very dear:" LaHontan, Voyages, vol. I, p. 90: London,
1703. See also Geo. Percy, Vi1·ginia, in PU1·chas Pilgrims, book 9, c:Uap. 2; and
Winslow, Good News f1·orn New England in same, book 10, chap. 5: London, 1625.
" "Afterwards they (as many as were able) began to plant the cornc, in which
servise Squanto stood them in great stead, . showing them both ye manner how to
set it, and after how to dress and tend it." Bradford's History of Plymouth Plantation in Publications Mass. Hist. Soc., vol. III of 4th series, p. 100. "Instructed them
in the manner of planting and dressing the Indian corn." Trumbull's History of
Connecticut, vol. I, p. 46, Hartford, 1797.
t "All the tribes east of the Mississippi were more or less agricultural. They
all raised corn, beans, squashes and melons." Force, Some Considerations on the
Mound-bwilders, p. 70. "Le mais ainsi que Je viens de le dire est la nourriture" commune de tons les sauvages sedentaires depuis le fond du Bresil
Jusques aux extrcmitcz du Canada." Lafitau, Moenrs des Sauvages A.mm·iqnains, vol. n, p. 64: Paris, 1724. "The whole of the tribes situated in
the Mississippi Valley, in Ohio, and the Lakes reaching on both sides of the
Alleghanies, quite to Massachusetts and other parts of New England, cultivated
Indian corn. It was the staple product." Schoolcraft, vol. I, p. 80. All the nations
I have known, and who inhabit from the sea as far as the Illinois, and even farther,
which is a space of about 1,500 miles, carefully cultivate the maiz corn, which they
make their principal subsistence." Du Pratz, History of Louisiana, vol. n, p. 239:
London, 1763. "The territory over which cultivation had extended is that which is
bounded on the east by the Atlantic, on the south by the Gnlf of Mexico, on tile west
generally by the Mississippi, or, perhaps more properly, by the prairies, on the north,
it may be said by the nature of the climate." Archawlogia Ame1'icana (Gallatin),
vol. n, p. 14H. "It was found in cultivation from the southern extremity of Chili to
the fiftieth parallel of north latitude, beyond which limits the low temperature
renders it an uncertain crop." Brinton, Myths of the New Wo1·ld, p. 23: New York,
1876. See also Relation, A. D. 1626, p. 2: Quebec, 1858.
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large fields, and understood and appreciated the benefits arising from
the use of fertilizers.* Indeed such was his proficiency and industry,
that even with the rude and imperfect implements at his disposal,t he
not only raised corn enough for his own use, but, as a rule, had some
to spare to his needy neighbors, both red and white.+ Under ordinary
circumstances it would only be necessary to establish this fact in order
to prove, beyond cavil, that the red Indian was an agriculturist in the
very highest acceptation of that term, and that in this respect, at least,
he stood upon the same footing as the mound-builders. In the present
instance however this is not the case. Not only is it 11ot sufficient to
prove that the Indians were husbandmen in order to raise them to this
level, but we are called upon to show that among them the men labored
in the fields as well as the women. Indeed, we are told by a writer,
from whom I differ with many misgivings, that in this respect there
was a very great difference between the mound-builders and the recent
Iudians; and although the difference is said not to be absolute, yet it
is gravely asserted that among the former" the men must have labored,
whilst among the latter labor is left to the squaws."§ Statements like
these, unsupported by evidence, do not carry much weight; and if this
investigation were intended to be a mere trial of dialectical skill, and
not an earnest search after the truth, it would be sufficient to pass them
by with a simple denial-all the reply that they are logically entitled
" "Also be tould them excepte they gott fish, and set with it (in the old grounds)
it would come to nothing." Bradford's History of 'Plymouth Plantation, in vol. rn,
of the 4th series of Mass. Hist. Coll., p. 100. The Iroquois "manure a great deal of
ground for sowing their Indian corn." Hennepin, A new Discove1·y of a vast Country
in America, etc., vol. r, p. 18: London, 1698. "Tons ces peuples" (Armoucbiquois,
Vi1·giniens, etc.)" "engraissent leurs champs de coquillages de poissons." Lescarbot, vol. n, p. 834: Paris, 1612. "They never dung their land, only when they
would sow." Laudonniere. First Attempt of the French to Colonize Florida, in
Hist. Call. Louisiana, n ew series, p. 174: New York, 1869.
t "Use wooden howes. " Williams' Key, p. 130. "Spades made of hard wood used
in agriculture." Bossn, Travels Though Lonisiana, p. 224: London, 1771. "Florida Indians dig their ground with an instrument of wood which is fashioned like a
broad mattock." Laudonniere in Hist. Call. Louisiana, new series, p. 174: New
York, 1869. "Ils ont nn instrument de bois fort dur, faict en fayon d'une besche."
Champlain, vol. I, p. 95: Paris, 1830. "Il leur suffit d'un morceau de bois recourbe
de trois doigts de largeur, attache a nn long manche qui leur sert a s:ucler la terre
et a la remuer legerement." Lafitau, Moem·s des Satn:ages Llmeriqttains, vol. n, p.
76. "Use hoes matle of shoulder blade of animals tixecl on staves." Romans, East
and West Florida, p. 119. "Usc shoulder ulade of a deer or a tortoise shell, sharpened upon a stone and fastened to a stick instead of a hoe." Loskiel, Missions in
North America, p. ti7: London, 1794. See also Joutel in Hist. Call. Louisiana, pa,rt r,
p. 149, etc.
t Relation de la Nouvelle France en 1' annee 1641, p. 81: Quebec, 1858. Sagarcl,
Voyage des Hu1·ons, pp. 125, 134: Paris, 1632. Capt. John Smith, Description of New
England in Mas8. Hist. Call., vol. VI, of 3d series, p. 120. La Hontain, Voyages, vol.
1, p. 105: London, 1703. Charlevoix, Letters, p. 175: London, 1763.
~\ Some Consideratio11s on the Mound-builders. By M. F. Force. Pamphlet, p. 72:
Cincinnati, 1873.
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to. But this mode of procedure would not answer the purposes of this
inquiry 7 and hence I am induced to accord them a more respectful consideration; and I do this the more willingly inasmuch as it agrees with
my general plan of admitting everything that can be reasonably ch"timed
in behalf of the mound-builders, whilst at the same time it affords an
opportunity of examining into the correctness of the usually received
opinion "that the Ill dian considered labor as derogatory, and left it to
the women."*
Before beginning this branch of the inquiry, llow.wer, it is necessary
to come to some understanding- as to the meaning to be given to the
word "labor," otherwise we shall be at cross-purposes throughout the
whole of the investigation. Used in its broadest sense, the term includes
hunting and fishing-occupations which undoubtedly belonged to the
men, and which, when followed, not as a pastime, but for the purpose of
gaining a subsistence, involved JaboT of the very hardel::lt kind. t If to
this it be added that the Indian warrior was expected to do all the
fighting, it will be seen that, at a very moderate estimate, he had work
enough on his hands to keep him reasomtbly busy. As an evidence of
the absorbing nature of these occupations, it may be said that, to-day,
in some countries of Continental Europe in which the state of war is
the exception and not the rule, as it was among the Indians, the performance of the one duty of military service alone is considered to be
a sufficient reason for withdrawing all able-bodied males, within certain
ages, from evm:y kind of productive labor during the term of such service, even though the whole of it be passed in a time of profound peace.
Among these nations, and they are some of the most highly civilized
in Europe, it is no exaggeration to say that labor, using that word in its
broadest sense, is left to the women far more completely than it ever
was among the Indians; for the Indian, when not actually enga.ged in
warfare, did hunt and fish, and contribute to this extent, at least, to
the general welfare, whilst his European counterpart is not allowed to
engage in productive labor of any kind whatsoever during his term of
military service. But there is another and a narrower sense, in which
the word is taken to mean simply field-work, or work nece.::,sary to the
growth and production of corn; and it is this signification that is
* .dTchccologia .dmer-icana, vol. n, p. 151. Stoddard, Sketches of Louisiana, p. 411:
Philadelphia, 1812. Colden, Five Nat·ions, vol. r, p. 13: London, 1747. Foster, P1·ehisto1·ic Races of the United States, p. 300: Chicago, 1873. Cha.rlevoix, Letters, vol. n,
p. 126 : London, 1761.
t "Fatigues of hunting wear out the uolly and constitution far more than manual
labor." Heckewelder, Histo1'ical Account of the Indian Nations, p. 146. "Their
manner of rambling through the woods to kill deer is a very laborious exercise, as
they frequently walk twenty-five or thirty miles through rough and smooth grounds,
and fasting before they return back to camp loadefl." Adair, Histo1·y of the American Indians, p. 402: London, 1775. ' 'Indian affects not to feel the weight of dragging a deer 100 to 150 pounds weight through a considerable tract of forest." Loskiel, Missions in ..:l?IW1"ican, p. 107: Lonuon, 1794.
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usually given to it by writers on this subject, and it is in this sense that
it will be hereafter used in the course of this investigation. SubstitutilJg, then, the more specialized form of expression for the general
term, and the sentence will read as follows: Among the Indians fieldwork was considered derogatory, and left to the women. In this restricted shape the statement is not so objectionable; and yet, even in
this form, it is believed to be altogether too sweeping. That in some
particular years this work may, from some cause, have been left to the
women, is of course very probable-the necessities of war or the chase
might at any time render this unavoidable in any tribe; and it may
also be true that in the division of labor between the sexes, made necessary by the duty of providing for the family, this share, among certain tribes, fell to her lot; but that it \Vas either onerous,* or compulsory,t or that the custom, if such it can be called, was general, or that
it was adhered to very strictly, even among the tribes in which it can
be said to have prevailed, is not for a moment admitted. Take for
example the Iroquois or Six Nations, the only people among whom, so
far as I know, it can not be shown that the warriors did take some part
either in clearing the ground or in cultivating the crop, and we find
that even among them the work was not left exclusively to the women,
but that it was shared by the children and the old men, as well as the
slaves, of whom they seem to have had a goodly number.t Singularly
enough, too, the reason given by tb.e old chronicler why the men took
"' "Lab01: m the fields employs women six weeks in twelve months, whilethelabor
of the husbancl to maintain his family lasts throughout the year." Heckewelder,
Historical .Acco1tnt of the Indian Nation.<;, p. 14-2. "The work of the women is not
hard or difficult. - - - The tilling of the grouncl at home - - - is frequently
don·e by female parties, much in the manner of those husking, quilting, and other
frolics. - - - The labor is thus quickly and easily performed; when it is over,
and sometimes in intervals, they sit clown to enjoy themselves by feasting on some
good victuals prepared for them by the person or family for whom they work, etc."
lbicl., pp. 144, 145. Consult also Williams's Key to the Indian Language, in Collect-ions of the Rhode lslancl Hist. Soc., p. 92. Saganl, Voyage cles Hurons, p. 130: Paris, .
1632. Joutel, Journal in Hist. Coll. of Louisiana, part r, p. 149. Lafitau, Moem·s
des Sait£Vages .Ameriquains, vol. u, p. 77: Paris, 1724.
t"Elles trauaillent ordinairementplus qne les hommes, encore qn'elle sn'y soient
point forcces n'y contraiutes." Sagard, Voyage cles Huron8, p. 130: Pa,ris, 1632.
"Not only Yolnntary, but cheerfully performed." Heckewelder, p. 14-2. "In the
spring the corn field is planted by her and the youngsters in a vein of gaiety ancl
frolic. It is done ju a few hours, and taken care of in the same spirit. It is perfectly voluntary labor, and she would not be scolded for omitting it; for all labor
with Indians is voluntary." Schoolcraft, Inclian Tribes of the United States, vol. n,
p. 64. "Au reste ce travail n'est pas penible." Charlevoix, 1-louvellc France, vol.
rn, p. 23. See also Life of Mary .Jemison, a captive among the Iroquois, who says,
pp. 69, 70, that the "lot of the Indian women is not harder than that of white
women : " New York, 1856.
t" If any of his children be killed or taken by the enemy, he is presently furnished with as many slaYes as he has occasjon for.'' La Hontan, vol. u, p. 7: London, 1703. "vVomen slaves are employed to sow aud reap the Indian corn; aml the
men slaves have for their business the hunting and shooting when there is any
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no part iu the labor, i. e., because "they were always at war or hunting," is the same that is to-day made to do duty in justifying the existence of a similar condition of affairs among people who boast not a
little of their civilization.
Among most of the other tribes north of the Ohio and south of the St.
Lawrence, Huron as well as Algonquin, the men not only habitually
cleared the ground*-no small undertaking, be it understood, in a
heavily-timbered region-but they frequently took part in what is
technically known as'' working" the crop, and also aided in the labors
of the harvest field. This may not have been a part of their duty, but
we have the authority of Charlevoix for saying that when asked to aid
in gathering the crop "they did not scorn to lend a helping hand."t
On this point, however, it is necessary to make haste slowly, as our
guides not only contradict each other, but are very often at odds with
themselves, and it requires some judgment to pick our way amid the
conflicting statements. As an instance of some of the least of the difficulties that beset out path at this stage of the inquiry, let us take the
younger Bartram, whose account of his travels among the Indians of
the Gulf States is one of the most trustworthy that has come down to
us. Time and again, in the course of his narrative, he speaks of the
part taken by the men in the work of raising corn,t and yet, on page 513,
he tells us that they "perform nothing except erecting their mean
habitations, forming their canoes, stone pipes, tambour, eagle's tail, or
standard, and some other trifling matters, for war and hunting are
their principal employments." In Vander Donck's New Netherlands
there is an instance even more to the point, though it is no means an
extreme case. On one page he tells us that the Indiaus "subsist by
bunting and fishing throughout the year," having apparently forgotten
that in a previous chapter he had said that ''mush or sapaen" was
their common food, and that they rarely pass a clay without it unless
they are on ajourney or hunting.§ Strictly speaking, the statements
fatigue, tho' their masters will very often help them." Ibiil., p. 18. "Therefore the
plantation work," among the Iroquois, "is left for the women and slaves to look
after." Lawson, Ca1·olinct, p. 188. London, 1718. See also Lafitau, vol. n, p. 308:
Paris, 1724. Charlevoix, Letters, p. 162: London, 1763. Hennepin, A; New Discovery
of a Vast Country, etc., vol. I, pp. 43, 215, and 23,1: London, 1698. John Bartram,
p. 79: London, 1751. By almost all of the old chroniclers "captive" and u slave"
are used as convertible terms.
*"Ce sont les hommes par tonte l'Amerique qui sont charges de marquer les
champs et d'en abattre les gros arbres. Ce sont eux aussi, qui en tout temps sont
obliges de couper le gros bois," etc.: Lafitau, Moenrs des Satwages Ameriquains,
vol. u, p. 109: Paris, 172-!. "The q nali:fications of man - - - to build cottages,
to fell trees," etc.: La Hontan, Voyages, vol. II, p. 9: London, 1703. Compare La
Potberie, vol. III, p. 18: Paris, 1753.
t Charlevoix, Lette1·s, p. 237: London, 1763.
i Travels th1'ough N01·th and Sottlh Carolina, Georgia, East anil West Ji'l01·ida, etc.,
pp. 194, 512, 517: Philadelphia, 1791.
§ Vander Donck's New Netherlands, in Collections New York Hist. Soc., vol. r, of
new series, pp. 193 and 197.
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in the first of these instances are not contradictory, for our author is
speaking of manufactures when he says the men do ''nothing, etc.;"
and it is possible, in that latitude, for a man to raise a crop of eorn and
work it well too, and yet spend the most of his time hunting and
fighting. To admit this however is to credit the old chronicler with
a degree of refinement in the use of language to which he is believed to
have been an utter stranger. In the second instance, there is no room
for any such compromise. The two statement conflict, and can not be
reconciled by any amount of verbal hair spitting. In neither case, be it
observed, do the factB justify the inference that the field-work was left
exclusively to the women, as that conclusion is manifestly irnpossihle,
so long as it is admitted that the men took any part in the labor, be it
ever so small, at any stage of the process; and yet it is precisely upon
these and similar statements that this conclusion is based. Without
stopping now to inquire into the rationale of these contradictions, sometimes only apparent, but often very real, it will be sufficient to say that
they have not sprung from any wish to mislead, but have rather grown
out of tho fact that when these old writers began to generalize, they
fell into the common error of failing to make du allowance for the
many exceptions to the rule they were laying down. In all such cases
the true way out of the difficulty is not to accept one statement to the
exclusion of the other; neither will it aid us to offset one by the other,
and so reject both, but rather we ought to qualify the general coL.clusion by the exceptions, and thus bring it within the bounds marked
out by the facts. Believing this to be the true method of pursuing
this investigation, it will be incumbent on me to examine into the history of each tribe or group of tribes separately, in order to find out
whether the men, i.e., the warriors, took any part in the field-work,
and if so, to what extent. If, in the course of the inquiry, it should be
shown that, in any tribe, at any time, the men did take some part in
this work, no matter how insignificant it may have been, then it is
evident that at that time, in that particular tribe, the field-work was
not left exclusively to the women, whatever may be said to the contrary by the author who tells the story. It must not however be forgotten that although this statement as to the actual condition of a
laTge majority of the tribes living east of the Mississippi and south of
the St. Lawrence is believed to be true, yet it is not denied that there
were many instances in which this labor was practically left to the
women, owing to the fact that the men were away from home hunting
or fighting. This fact was unfortunately of frequent recurrence; but
as it was the result of an accidental and not of a permanent condition
of affairs, it would hardly be fair to ascribe it to the existence of any
custom or to any belief in the derogatory character of the work.
Beginning with the Hurons, of Canada, we find that in A. D. 1535 a
band of the Iroquois branch of that family was living in the stockaded
H. Mis. 334, pt. 1--33
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village of Hochelaga, now Montreal. According to Cartier* "they had
good and large fields full of corn,
which they preserved in
garrets at the top of their houses." He also tells us that they are
"given to husbandrie,
but are no men of great labor; and
that they digge their ground with certain pieces of wood as big as
halfe a sword, on which ground groweth their corne." The women
are said "to work more than the men
in tilling and husbanding the ground." Champlain, t A. D. 1610, speaking of this same
family of tribes, especially of those living north of the St. Lawrence, and in the peninsula lying i>etween lakes Huron, Erie, and
Ontario, repeats, substantially, what is said about their houses and
fortified villages,t and adds that most of them cultivated corn, which
was their principal article of food, and which they also exchanged for
skins with the hunter tribes living to the north. They stored it in the
tops of their houses, and cultivated it in quantities, so that they might
have on hand a supply large enough to last three or four years, in case
of the failure of the crops in some bad season.§ The women are said to
have cultivated the ground and planted corn, whilst the men hunted,
fished, went to war, and built their cabins. When this was done, they
went off on trading expeditions among other tribes, sometimes extending their trips to the distance of 400 or 500 leagues. All this is confirmed by Sagard,ll who adds some interesting details as to the tenure of
land s~ and the method of cultivating the corn. He also tells us that
the men cleared the ground, and that this was done with great difficulty,
as they had no suitalJle implements with which to work. This process
was the same among all the Indian· tribes, and as it is practically in
*Cartier in Hakluyt's Voyages, vol. nr, pp. 271, et seq.: London, 1810.
t Voyages de Champlain, Livre Quatrieme, chapter viii: Paris, 1632.
:j: Compare Relation de la Nouvelle France en l' annee, 1626, p. 2: Quebec, 1858.
Lafitau, Moeurs des Sanvages ..dmn·iquains, vol. rr, p. 3, et fleq.: Paris, 1724. La
Honta.n, Voyages, vol. n, p. 6: London, 1703. Charlevoix, Letters, pp. 240-241;
London, 1763. Sagard, Voyage des H1wons, pp. 115-117: Paris, 1632.
~ Voyages de Champlain, p. 301: Paris, 1632.
"Cultivent des champs dont ils
tirent a suffisance pour leur nourriture de toute l' Annee :" Relation da la, Nouvelle
France en 1' annee, 1636, p. 118. See also Relation en l' annee, 1626, p. 2: Quebec,
1858. "The Hnrons, more laoorous, of more foresight, and more used to cultivate
the earth, act with greater prudence, and by their labor a,re in a condition not only
to subsist without any help, but also to feecl others; but this, indeed, they will not
do \vithout some recompense:" Charlevoix, Letters, p. 175: London, 1763. "Evidences of their agricultural habits may still be traced in the large spaces which
were cultivated, and which a,re yet conspicuous:" Schoolcraft, Indian f1·ibes of the
United States, vol. vr, p. 201. "Et continuent ainsi, jusques a ce qu' ils en ayent
pour c.lenx ou trois ans de provision, soit pour la crainte qu' il ne leur snccede quelque
mauvaise annee, on bien pour l' aller traicter en d' autres Nations pour des pelleteries ou autres choses qui leur font besoin :" Sagard, Voyage des Hnrons, p. 134:
Paris, 1632.
II Voyage des Htwons: Paris, 1632.
~"Leur contume est, que chaqne mesnage vit de ce qn' il pesche, chasse et seme
ayans autant de terre comme illeur est necessaire; car tontes les forets, prairies et
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use to-day by the white settlers on our frontiers, his account of it is
translated in full. "The Indians," he says, "belt (coupent) the trees
about 2 or 3 feet from the ground, then they trim off all the branches
and burn them at the foot of the tree in order to kill it, and afterwards
they take away the roots. This being done, the women carefully clean
up the ground between the trees, and at every step they dig a round
hole, in which they sow 9 or 10 grains of maiz, which they have first
carefully selected and soaked for some days in water."*
Among the Iroquois or Six Nations, after they took up their residence
in western New York, our accounts are not less full and explicit.
Those grim warriors, thanks to the ill-advised interference of Champlain (A. D. 1609-'10), in their quarrel with the Adirondacks, lived in
a chronic state of hostility to the French, whose pathway to the
Ohio they effectually barred.t Expeditions were repeatedly fitted out
against them, but always with the same barren results. A few villages
were burned, sometimes by the savages themselves, to prevent their
falling into the hands of the whites, and the adjacent corn-fields were
destroyed; but the power of the confederacy remained unbroken.
Champlain began this system of destructive inroads at an early period;
in 1687 Denonville improved upon his teaching, and later on, in A. D.
1779, the Americans took up the work and showed themselves to be
apt scholars. In this year Gen. Sullivan, at the head of an American
army, invaded their country, and is said to have destroyed 160,000
bushels of corn, and to have cut down in one orchard alone 1,500 apple
trees.t Large as was the amount of property destroyed at this time, it
was but a fraction of the destruction wrought by the French under
Denonville in 1687. In the course of that one invasion four villages
of the Senecas were burned, and, including the corn in cache and what
terres non defrischees sont en commun, et est permis a un chacun d' en defrischer et
ensemencer autant qu' il vent, qu' n pent et qu' illuy est necessaire; et cette terre
ainsi defrischee demeure ala personne autant d' annees qu' il continue de la cultiver et s 1 en servir, et estant entierement abandonne du maistre s' en sert par a pres
qui vent et non autrement :" Sagard, Voyage des Hurons, p. 133: Paris, 1632. The
Hurons agree among themselves "to allot each family a certain compass of ground,
so that when they arrive at the place they divide themselves into tribes. Each
hunter fixes his house in the center of that ground which is his district:" La Rontan, vol. n, p. 59: London, 1703.
" Voyage des Hurons, p. 134: Paris, 1632. Compare Adair, Histo1·y of the North
American Indians, p. 405: London, 1775. Smith, Virginia in Purcha!:l' Pilg1·itns, vol.
IV, p. 1696: London, 1625. Voyages de Champlain, pp. 73, 86: Paris, 1632.
t La Hontan, vol. I, p. 24: Loudon, 1703. Loskiel, Mission in America, p. 137:
London, 1794. Among the expeditions sent against them, besides those mentioned in
the text, note particularly those in 1665 under Courcelles, in 1666 under de Tracy, in
1684 under de la Barre, and in 1692 and 1696 under Frontenac.
+History of N ew York during the Revoltttiona1·y Wa1·, vol. n, p. 334: New York,
1879. See, also, Stone's Life of Brant, vol. u, chap. i: Albany, 18651 for an account
of the immense amount of corn, etc., destroyed at this time.
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was standiug in the fields, 400,000 minots or 12,00,000 bushels of grain
were destoyed.* This amount is doubtlessly much exaggerated, but
that it was very large is evident from the statements of Tonti t and La
Hontan, t both of whom took part in the expedition. According to the
former, they were for seven days engaged in cutting up the corn belonging to the four villages. The latter author puts the time consumed in
this work at five or six days, and by way of showing the uselessness of
such destruction, he makes one of their Indian allies remark rather cyn·
ically that "the Ts~mnontonans did not matter the spoiling of the corn
for that the other Iroquois nations were able to supply them." These
extracts will give some idea of the extent to which corn was grown
among these tribes,§ and will justify the use of much stronger language
than Mr. Morgan employs when he declares that ''it can not be affirmed
with correctness that the Indian subsisted principally by the chase."\1
As to the manner of preserving or storing this grain for winter use,
we are not left in the dark. In addition to the garrets or tops of their
houses and cribs,~ they were in the habit of" burying their surplus corn
and also their charred green corn in caches, in which the former would
preserve uninjured through the year, and the latter for a much longer
period. They excavated a pit, made a bark bottom and sides, and having deposited · the corn within it, a bark roof, water-tight, was constructed over it, and .the whole covered up with earth."**
In regard to the field-work, the weight of evidence inclines to the conclusion that, ever since the arrival of the whites, it has been in the
hands of the women and slaves, and that the warriors took no part in it,
neither working the crop, nor clearing the land, as their congeners in
"Charlevoix, Histoire de la Nouvelle France, vol. n, p. 355: Paris, 1744. Doc. Hist.
of New Y01·k, first series, p. 238: Albany, 1849.
tNarrative in Historical Collections of Louisiana, part I, p. 70.
:j:La Hontan, Voyages, vol. I, p. 77: London, 1703.
~ Iroquois "reap ordinarily in one harvest as much as serves 'em for two years:''
Hennepin, A new Discovery of a Vast Country in Arnerica, vol. I, p. 18: London,
1698. "Cultivated 100 acres:" Ibid., p. 19. "Corn plenty among different tribes
of the Iroquois:" Greenhalgh (A. D. 1667), in Doc. Hist. of New York, vol. I, p. 15.
"Corn has ever been the staple article of consumption among the Iroquois. They
cultivated this plant, and also the bean and the squash, before the formation of the
league. - - - Raised sufficient quantities of each to supply their utmost wants:"
Morgan, League of the Iroquois, p. 199: Rochester, 1851. "Village field consisting
oftentimes of several hundred acres of cultivated land:" Ibid., p. 314.
II League of the Iroquois, p. 199: Rochester, 1851.
~ La:fitau, vol. n, p. 80: Paris, 1724.
** League of the I1·oqttois, p. 319. Mr. Morgan adds that 1' pits of charred corn are
still found near their ancient settlements. Cured venison and other meats were
buried in the same manner, except that the bark repository was lined with deer
skins." As to caches, see also Hennepin, l. c., vol. I, p. 18: London, 1698. Lafitau,
Moeurs des Sauvages, vol. n, p. 79: Paris, 1724. Loskiel, Mission in .A1nerica, p. 68:
London; 1794.
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Canada were in the habit of doing. Colden* and others t assert this
positively, and Gen. Ely S. Parker, himself an educated Iroquois, confirms the statement in an interesting letter which I take the liberty of
publishing entire: "I do not think that the Iroquois men, at the time
to which you refer, ever aided in any agricultural operations whatever.
Among all the Indian tribes, especially the more powerful ones, the
principle that a man should not demean himself or mar his dignity by
cultivating the soil or gathering its product was most strongly inculcated and enforced. It was taught that a man's province was war,
hunting, and fishing. While the pursuit of agriculture, in any of its
branches, was by no means prohibited, yet, when any man, excepting
the cripples, old men, and those disabled in war or hunting, chose to till
the earth, he was at once ostracised from men's society, classed as a
woman or squaw, and was disqualified from sitting or· speaking in the
councils of his people until he had redeemed himself by becoming a
skillful warrior or a successful hunter. At the present day even, some
of the western tribes require that one shall also prove himself an expert thief or robber to entitle him to respect and consideration. It is
within my recollection that a very large proportion of the Iroquois men
did no manual labor whatsoever, because as they argued it was menial
and beneath their dignity. It is only quite recently that agricultural
work by men has become general among this people, and not yet are
women driven altogether from the field.
"It was an Iroquois custom to use captives to assist their women in
the labors of the field, in carrying burdens, and in doing general menial
labor; but when a captive proved himself possessed of what, in their
judgment, constituted manly qualities, then he was fully adopted and
admitted to all the privileges of an Iroquois.
"You may possibly call to mind that Brant, the elder, a great Iroquois warrior, and Red Jacket, the Iroquois orator, were not good
friends. One was renowned both in war and council, and his voice
was ever for war; while the other was famous only in council; his
voice was always for peace, and in no sense was he a warrior. In a
general council of the magnates of the Six Nations, held at the time of
the Miami difficulties in the Northwest, Brant, in a controversy with
Red Jacket, in which, perhaps, he was being worsted, taunted him
with being a coward and a squaw, showing how strong had been his
early education respecting the qualities essential to a representative
Iroquois.
"I think you will also find accounts in Colden's History of the Five
* HThe Indian women perform all the drudgery q,bout their houses; they plant
the corn and labor it in every respect till it is brought to the table." Histo1·y of the
Five Nations, p. 13: London, 1747.
t "Women never plant corn among us as they do among the Iroquois:" Lawson,
Cm·olina, p. 188: London, 1718. ''The wife must do all the work in the house and
field: " Loskiel, Mission in America, p. 60: London, 1794. See also League of the
Iroquois, p. 329: Rochester, 1851.
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Nations, where tribes of Indians were, or had been, subjugated by the
Iroquois, and reduced to the condition of women, and were formally
prohibited from engaging in any warlike enterprises, and were enjoined to spend their time and energies in tilling the earth, and the
Iroquois were accustomed to express themselves respecting such subjugated tribes like this: 'We have put petticoats upon them,' which
meant that thereafter they were required to do only servile work.
This in my opinion was another evidence that anciently the Iroquois
men did not do any agricultural labor."
Per contra, Charlevoix* speaks of a tradition current among them, to
the effect that, formerly-before their arrival in New York-they were
almost exclusively occupied in husbandry, and were bound to furnish a
part of their harvest to the Algonquins, who in their turn agreed to
supply them with a certain share of the products of the chase, and to
defend them against all enemies whatsoever. He adds that this arrangement was very advantageous to both parties, but that in the estimation
of the Indians it caused the Algonquins to rank higher than the Iroquois, for the reason that among them a successful hunter is on a level
with a great warrior, and inferentially both take precedence of a husbandman. This however is but tradition, and is given for what it is
worth, though it is proper to say that Charlevoix introduces it with the
remark that it is the only part of Iroquois history that has come down
to us clothed with any appearance of probability, and that both Coldent and Morgant give place to the story. Without stopping now to
inquire into its truth or falsity, we may be very sure that during the
whole of the seventeenth and part of the eighteenth centuries, the Iroquois warrior had but little time to devote to agriculture. What with
fighting the French and Hurons on the north; the Miamis and Illinois
on the west; the Cherokees, Catawbas, and Shawnees on the south, to
say nothing of his immediate neighbors in New England on the east,
it would seem as if his hands were so full as to leave but little time for
bunting, much less for raising corn; and that under the circumstances
*Charlevoix Letters, pp. 124, et seq.: London, 1763. La Potherie tells the same
story, but gives it as a fact. See Histm·ie de l' Ameriq'Ue, vol. I, pp.188, et seq.: Paris,
1753. The same author, vol. ni, p. 18, asserts that the men did clear the ground,
fence in the :fields, and prepare the bunches of corn for drying. He also adds that
when husband and wife are much attached to each other, they do not separate their
work, though ordinarily they do not cencern themselves about each other's duties.
Lafitau, vol. n, p. 78, says that the men braided the corn into bunches, and adds that
it is the only occasion on which the women call on the men for help.
t"The Adirondacks - - - employed themselves wholly in hunting, and the
Five Nations made planting of corn their business. By this means they became useful
to each other by exchanging corn for venison. The Adirondacks, however, valued
themselves as delighting in a more manly employment, and despising the Five Nations
in following business which they thought only :fit for women." History of the Five
Nations, p. 22: London, 1747.
t "Tradition informs us that, prior to the occupation of New York, they resided
in the vicinity of Montreal, upon the northern bank of the St. Lawrence, where
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"the plantation work," as the old chronieler has it, must have been
"left to the women and slaves'' as a matter of neeessity.*
As might have been expected in a people who had developed such
capacity for the management of military and political affairs, we find
that the ideas of property had taken definite shape, and tbat the rights
of individuals were duly respected. In fact, some of their regulations,
notably those in relation to the property of married women,t mjght be
copied with advantage in some of the States of our favored Republic.
In regard to the tenure of land, we are told that no individual could
obtain an absolute title, "but he could reduce unoccupied lands to miltivation to any extent he pleased; and so long as he continued to use
them, his right to their enjoyment was protected and secured. He could
also sell his improvements or bequeath them to his wife and children.t
Turning now to the tribes of the Algonquin family, and beginning
with those that lived south of the St. Lawrence and east of the Hudson,
we can not but be struck with the similarity of their condition to that
which, as we have seen, existed among the Hurons. Champlain,§ who
visited this coast in the early part of the seventeenth century, found
corn in cultivation from the "Kinnebequy" to Cape Mallebarre, near
the southeastern extremity of Cape Cod. At Chacouet (Saco) he saw
the natives cultivating the ground, ''which was a thing he had not
seen before, using for that purpose small implements of hard wood made
like a spade." In the neighborhood of Cape Mallebarre they are said
to have been very industrious ("fort amateurs du labourage") and to
have provided a supply of corn for winter use, which they stored in
caches.\\ They lived in stockaded forts,~ and made slaves of their pristhey lived in subjection to the Adirondacks, a branch of the Algonquin race.! 1
League of the I1·oquois, p. 5: Rochester, 1851. Compare this with the following state~
ment of Father LeJeune in 1·elation de la Nouvelle F1·ance en l 'annee, 1636, p. 46: '' Les
sauvages m'ont monstre quelques endroits ou les Hiroquois ont autrefois cultive la
terre."
*Lawson, Carolina, p. 188: London, 1718.
t "The rights of property, of both husband and wife, were continued distinct
during the existence of the marriage relation, the wife holding and controlling her
own the same as her husband, and in case of separation taking it with her. ~ • If the wife either before or after marriage inherited orchards, or planting lots, or
reduce(1lanc1 to cultivation , she cot1h1 dispose of them at her pleasure, and in case of
her death, they were inherited, together with her other effects, by her children."
Morgan, League of the I1·oquois, p. 326; Rochester, 1851. Schoolcraft, Notes on the
lToquois, p. 88, New York, 1846. La Potherie, vol. III, pp. 33, et seq., Paris, 1753.
:j: League of the IToquois, p. 326, Rochester, 1851.
~Voyages de Champlain, chapters iv, v, vi, and vii, Paris, 1632. Compare Lescarbot, Nmwelle Frctnce, pp. 777-834-836, Paris, 1712. Also, Relation de la Nouvelle
France en l'annee, 1611-1613, Quebec, 1858.
II Voyages de Champlain, p. 90, Paris, 1632.
~De Laet in New York Hist. Coll., first series, vol. I, p. 307. Champlain, p. 74:
Paris, 1632. Lescarbot, book v, p. 632, Paris, 1712. Williams, Key to the Indian
Language, in vol. I, Rhode Island Hist. Coll., p. 92. Vincent, Pequot War in Massachusetts Hist. Coll., vol. VI of third series, p. 39. Purchas, Pilgrims, vol. rv, p.
1844, London, 1625.
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oners, especially of the women and children,* as was the custom among
other tribes belonging to this family.t In 1614 Capt. Smith explored
this coast, and makes mention of "the gardens and cornfields which
he saw planted on those sandy cliffs and cliffs of rocks." t He also bears
witness to the quantities of corn grown in that region when he undertakes for a few trifles, "to have enough from the salvages for three
hundred men" until the colony should become self-supporting.§ Roger
Williams, A. D. 1643, on the same subject says ~'that the women of the
family commonly raise two or three heaps of 12, 15, or 20 bushels a
heap,
and if she have the help of her children or friends, as
much more." He also adds, that ''sometimes the man himself (either
out of love to his wife or care for his children, or being an old man)
will help the women, which, by the customs of the country, they are
not bound to. When a :field is to be broken up they have a very loving,
sociable, speedy way to dispatch it; all the neighbors, men and women,
forty, :fifty, a hundred, do joyne and come in to help freely. With
friendly joyning they break up their :fields and build their forts." II
Among themselves they bartered their corn, skins, and venison,~ and
they also carried on more or less trade with other nations in shell beads**
(wampum), and also in pipes, which latter article is said usually "to
come from the Mauquawwop tt or man-eaters, three or four hundred miles
from us." The right of propRrty was recognized in land,H and their
:fields as well as the di~trict within which each man might hunt were
* Lescarbot, Nouvelle Ft·ance_. lJook VI, pp. 798 and 859, Paris, 1712.
t Lafitau, Moeurs des Sauvages Amcriquains, vol. I, p. 563, and vol. rr, p. 308, Paris,
1724. Lawson, Carolina, pp. 198-232, London, 1718. Marquette in Discovery and
Exploration of the Mississippi, by John G. Shea, p. 32, New York, 1852. Charlevoix,
Histoire de la Nouvelle Fmnce, vol. IV, pp. 104, 105, and p. 156, where the Outagamis,
as a condition of peace, propose to replace all the killed of their enemies by slaves
whom they are to capture from distant nations: Paris, 1744.
+Description of New England in Collections of Mass. Hist. Society, vol. vr of third
series, p. 180.
~Ibid., p. 113.
II Williams, Key, pp. 92 and 93. "Their food is pulse, - - - which is here better
than elsewhere, and more carefully cultivated," Verrezari:o, inN. Y. Hist. Coll., vol.
I of new series, p. 49.
"Their food is generally boiled maize or Indian corn," Gookin,
History of the New England Indians in Coll. Mass. Hi8t. Soc., vol. I of first series,
p. 150. "Taking all his" (King Philip's) ''cattle and hogs that they could find, and
also took possession of Mount Hope, which had then a thousand acres under corn."
Drake, Indians of Not·th America, p. 209, fifteenth edition. "Indians came down to
Windsor and Hartford with fifty canoes, at one time, laden with Indian corn;" Trumbull, Connecticut, vol. I, p. 88, Hartford, 1797. On Block Island, Indians had "about
200 acres of corn," Drake, Indians of North America, p. 116. See also Winslow,
Good News from New England, in Purchas Pilgt·ims, London, 1625.
~Williams, Key to the Indian Language, in vol. I Coll. Rhode Island Hist. Soc., p.
133.
** Lafitan, Moeut·s des Sau.vages Ameriquains, vol. 1, p. 503, Paris, 1724.
tt Probably Mohawk. See Drake, Indians of North America, p. 221, fifteenth edition.
HI have known them to make bargaine and sale amongst themselves for a small
piece or quantity of la.nd." Williams, Key, p. 89.
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clearly defined.* They also seem to have arrived at that stage of development in which the advantages of a division of labor are recognized,
for we are told that ''they have some who follow only making of Bowes,
some Arrows, ~orne Dishes (and the women make all their earthen vessels); some follow fishing, some hunting: most on the seasirl.e make
money," i. e., wampum. "As many make it as will.'~t
Among the tribes living in southeastern New York. and along the
Hudson, there does not seem to have been any lack of corn. Hudson,
A. D. 1609, states that in latitude 42° 18', near where the town bearing
his name now stands, he saw "a house which contained a great quantity of maize or Indian corn and be::1ns of last year's growth, and there
lay near tl:l.j3 house for the purpose of drying enough to load three ships,
besides what was growing in the fields.''+
The work of tilling the ground was left to the women, who had the
assistance of the old men and the children.§ The warriors are said to
have been extravagantly inclined to hunting and fishing,! I though DeLaet tells us that "they are very serviceable, and allow themselves to
be employed in many things for quite a small compensation.~ They
lived in stockaded villages, and had forts or castles near their corn
grounds for refuge in case of the sudden irruption of small marauding
parties of their enemies."**
New Jersey and eastern Pennsylvania were inhabited, in part, by
different bands of the same tribes that held the country adjacent to the
mouth of the Hudson. They occupied both banks of the Delaware or
"South" river, lived in forts,tt and raised corn and beans, which they
sold to the Swedish and German settlers.++ Later, about the year 1682,
*"They have their fields distinct:" Lescarbot livre vr. pp. 776,836: Paris, 1712.
Williams, Key, p. 141. Winslow, in Purchas Pilg1·ims, p.1869: London, 1625.
t Williams, Key, pp. 128 and 133.
t Quoted in DeLaet, Desm·iption of New Netherlands, p. 300. "Great store of
Maize:" Juet, Jou1·nal of Httdson's Voyage, p. 323. "They raise an abundance of
corn and beans, of which we obtain whole cargoes in sloops and galleys in trade:"
Vander Donck, New Netherlancls, p. 209. "Their common food - - - is pap, or
mush, which - - - is named sapaen. This is so common among the Indians that
they seldom pass a day without it, unless they are on a journey or hunting. We selclom visit an Indian lodge at any time of day, without seeing their sapaen preparing,
or seeing them eating the same. It is the common food of all :" Ibid., p. 193. All
these are published in Yol. I, new series, of the Colll'ctions of the New Yorlc H 'ist.
Society, and the paging refers to that volume. ''Indian corn abundant:" Doc. Rist.
of New Y01·lc, p. 22.
~Vander Donck, New Netherlands, in vol. I, new series, Hist. Coll. of New Yoric, p. 208.
II Ibid., p. 209.
1f DeLaet, Desc1·iption of New Netherlands, in vol. T, new series, Coll. N. Y. Rist.
Soc., p. 301, New York, 1841.
**Vander Donck, l. c., p. 197.
tt DeLaet, l.
p. 303.
H Kalm, Travels, vol. I, p. 397: London, 1772. Campanius, History of New Oweedland in vol. I, Coll. of New Yorlc Hist. Soc., p. 346. De Vries Voyages in Vol. I, new
series, of Coll. of New Ym·lc Hist. Soc., p. 253.
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William Penn found the Delawares and Shawnees* still occupying this
region, and it was with them that he concluded the famous treaty of
which it has been said that it is the only one ever made that was not
ratified by an oath, and that it is the only one that was never· broken.
Speaking of their manner of life, he says that ~'their diet is maize or
Indian corn, divers ways prepared; sometimes roasted in the ashes,
sometimes beaten and boiled with water, which they can hominy."t
Loskiel, A. D. 1788, takes up the story, and tells us that corn was the
chief product of their plantations.:j: He also says that '' the men hunt
and fish and provide meat for the household, keep their wives and children in clothing, build and repair the houses or huts, and make fences
around the plantations, occasionally assisting in the labors of the field
and garden.§ The corn is stowed in caches, and they keep the situation of these caches secret, as if found out they would have to supply
every needy neighbor." This, he adds, ''may occasion a famine, for
some are so lazy that they will not plant at all, knowing that the more
industrious can not refuse to divide their store with them." II They
also did more or less barter, especially in pipes, the material for which,
a red marble, is rare, and found only on the Mi::;sissippi. ''A more
common sort is made of a kind of ruddle dug by the Indians living to
the west of the Mississippi, on the Marble River, who sometimes bring
it to these countries for sale."~
At this point it seems proper to refer briefly to the fact noticed by
Gen. Parker, that the Delawares were, at this time, a conquered tribe,
and held their lands on sufferance. In the figurative language of the
Indians, the Iroquois had put petticoats on them. Whether this was a
rhetorical flourish, and merely meant that they had been conquered, or
whether it was intended to signify that the Delaware warriors had been
forbidden to take part in manly pursuits, and were restricted to the
occupations usually followed by the women, I am not prepared to say.
That they were forbidden to dispose of the land they occupied is clear
from the speech of Oanassatego, an Iroquois sachem, at the treaty of
Lancaster, A. D. 1744; *• but, on the other hand, it is equaiiy evident
*Harvey, Hi.stm•y of the Shawnee Indians, p. 1: Cincinnati, 1855. This tribe is,
said to have been the custodian or keeper of the parchment copy of the great treaty
of 1682. At least they had it in 1722, and showed it to Gov. Keith: Hi8t. of Shawnees, p. 32. Parkman, in Conspimcy of Pontiac, vol. n, p. 229, says: "They had
parchment copies of treaties with Penn."
t Penn's letter quoted in Harvey's Histo1·y of the Shawn ee Indians, p. 14: Cincinnati, 1855.
:j:Loskiel, Miss·ion of the United B1·etliren anwng the Indians of North Amm·ica, p. 66:
London, 1794.
~Ibid., p. 59.
II Ibid., p, 68.
~Ibid., p. 51. Compare Kalm, Travels, vol. u, p. 42.
**"We conquered you; we made women of you; you know you are women, and
can no more sell land than women." Colden, Histo1·y of the Five Nations, vol. n, p.
80: London, 1767. See also Speech of John Hudson, the Cayuga Chief, A. D., 1758.
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that the Delaware warrior did not hesitate to go upon the warpath
whenever it suited his pleasure to do so.* Probably the true explanation of this seeming inconsistency is to be found in the fact that whilst
the Delawares, as a tribe, were prohibited from exercising any of the
rights of an independent people, yet the individual warrior, in the enjoyment of that wide personal liberty to which every Indian east of the
Mississippi seems to have been born, consulted his own convenience as
to when or with whom he should fight, and when or how, if at all, he
should aid the women in the work of cultivating the fields.
In Virginia, among the tribes composing the Powhatanic confederacy
and the adjoining nations, corn was raised in great abundance, though
there were times when, owing to improvidence or a failure of the crops,
the Indians suffered more or less from want. Capt. Smith, in the course
of one of the many expeditions made in order to supply the starving
colonists with food, says that he could have loaded a ship with it; t
and in his letter to the Queen on the occasion of the visit of the" Lady"
Pocahontas to England, after acknowledging his personal obligations
to that "tender vir gin," he tells us that for two or three years "shee,
next under God, was still the instrument to preserve this colonie from
deathe, famine, and utter confusion." :j: We are also told that they had
stockaded forts,§ and that their houses were built in the midst of their
fields or gardens, "which are small plots of ground," ranging from 20
to 200 aeres.!l Each household is said "to know their own lands and
gardens, and must live of their own labors;"1T and the limits within
at a conference held at Burlington, in Archreologia Americana, vol. n, p. 48. In this
connection, and as showing the similiarity of customs among the Indians, it is of
interest to note that the Creeks claimed to have put petticoats upon the Cherokees,
and at the treaty of Augusta, in reply to the statement of the Georgians "that they
had bought a certain piece of land from the Cherokees," a Creek chief started to his
feet, "and, with an agitated and terrific countenance, frowning menaces and disdain, fixed his eyes on the Cherokee chiefs and asked them what right they had to
give away their lands, calling them old women, and saying that they had long ago
obliged them to wear the petticoat." Bartram, Travels through Florida, p. 486:
Philadelphia, 1791.
*Heckewelder, Historical account of the Indian Nations, including the Introduction,
where this subject is discussed at length from the point of view of the Delawares.
tCapt. Smith, News from Vi1·ginia, p. 20 of the reprint by Charles Dean, Esq.:
Cambridge, 1866.
tSmith, Vi1·ginia, p. 121: London, 1632. "It pleased God, after awhile, to send
these people - - - to relieve us with victuals, as Bread, Corne, Fish, and Flesh
in great plenty, which was the setting up of our feeble men, otherwise we all had
perished. Also we were frequented by divers Kings in the Countrie, bringing us
store of provision to our great comfort." Master Geo. Percy, in Purchas PUg1·ims,
vol. IV, p. 1690: London, 1625.
~Capt. Smith, in Purchas Pilgrims, vol. IV, pp. 1693-4: London, 1625. Beverly,
Virginia, book III, p. 12: London, 1705. Hariot in Hakluyt, Voyages, vol. III, p. 329:
London, 1810.
II Smith, in Purchas Pilgrims, vol. IV, p. 1698: London, 1625.
~Ibid., p. 1698.
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which each might" fish, fowle, or hunt" seem to have been not less
accurately determined.* As to the part taken by the men in the field
work, our authorities are not agreed. According to Capt. Smith, who
is not very clear upon this point, the women plant and gather the corn, t
though elsewhere he speaks of the" King (Powhatan) himself making
his own robes, shoes, bowes, arrows, pots, planting, also hunting, and doing offices no less than the rest." His account of the manner of making
a "clearing" is also somewhat obscure, and may be interpreted to mean
that this part of the labor was performed by the men. Be this as it
may, however, other writers are more explicit. Hariot and Beverly
confirm what is said as to the supply of corn; and the former asserts
directly, and the latter by implication, that the men did take part in
the field work.t They also did, more or less, trade among themselves,
exchanging, among other things, their "countrie corne" for copper,
beads, and such like.§ Slavery may also be confidently said to have
existed among them; fm', although the evidence on this point is not as
full and clear as it might be, yet the fact is plainly deducible from the
statement that "they made war, not for lands or goods, but for women
and children, whom they put not to death," but kept as captives, in
which capacity they were made "to do service." II
The Carolinas were held by a number of tribes belonging to different linguistic families, though with but little or no difference in their
manners and customs. The Tuscaroras, a Huron tribe, occupied the
country adjacent to the Chowan River and its tributaries, in the western part of North Carolina, until about the year 1713-'15, when, owing
to their defeat by the whites, and the destruction of their fort, they
fled to· the north, and took refuge among the Iroquois, forming the
sixth nation in that confederacy.~ In the western part of South Caro·
lina lived the Catawbas, who are chiefly known on account of the long
* Capt. Smith, in Purchas' Pilg1·ims, vol. rv, p.1703.
t Ibid., pp. 1698, 1709 (vol. IV).
:j:" All the aforesaid commodities" (corn, beans, peaze, etc.) "for victual are set
or sowed some time in grounds apart and severally by themselves, but for the most
part mixtly. - - - A few days before they sowe or set, the men with wooden instruments, made almost in form of mattocks, or hoes with long handles; the women
with short pickers or parers, because they use them sitting, of a foot long, and about
5 inches in breadth, doe only break the upper part of the ground to raise up the
weeds, grasse, ancl old stubs of corn-stalks with their roots." Hariot in Hakluyt,
Voyages, vol. HI, p. 329: London, 1810. "Indian corn was the staff of Food upon
which the Indians did ever depend. - - - It was the families dependance, and
the support of their women and children." Beverly, Vi1·ginia, part n, p. 29: London,
1705. At their corn feast they boast in their songs "that their corne being now
gathered, they have store enough for their women and children; and have nothing
to do but go to war, travel, and seek out new adventures." Ibid, part rn, p. 43.
§Capt. Smith, in Purchas Pilgri1ns, vol. IV, p. 1701: London, 1625.
II Ibid., l. c., pp. 1699, 1700. "The werowance, women and children, became his
prisoners, and doe him service." Ibid., p. 1704.
~ Archceologia Antericana, vol. n , p. 80, et seq.
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and relentless war which they waged against the Iroquois. They were
extensively engaged in growing corn, as Adair speaks of one of their
old :fields that was 7 miles in extent, and argues that the tribe must
have been very populous to cultivate so much land with their dull stone
axes.-" In the interior, and along the coast of these two States, there
dwelt a number of small tribes, whose names have scarcely come down
to us. In 1700-'01 Lawson travelled through this region, and much that
we know of the people who then lived here is derived from his narrative. From it, we learn that they cultivated many kinds of pulse, part
of which they ate green in summer, keeping great quantities for their
winter supply.t This they stored in cribs or granaries, which were
sometimes built on 8 feet or posts, about 7 feet high, weltl daubed
within and without with loam.t The young men worked the fields, as
did the slaves, who, we are told, were not overworked.§ The women
never planted corn as they did among the Iroquois.jj There were no
fences to divide the fields, but "every man knew his own; and it scarce
ever happens that they rob one another of so much as an ear of corn,
which if anyone is found to do, he is sentenced by the elders to work
and plant for him that was robbed till he is recompensed for all the
damage he has suffered in his cornfield; and this is punctually performed, and the thief held in disgrace that steals from any of his country-folks."~ In the case of a woman without a husband, and with a
great many children to maintain, the young men were obliged to plant
and reap and do everything that she was not capable of doing herself.
They do not allow any one to be idle, but all must employ themselves
in some work or other.~ They bartered pipes, wooden bowls, and ladles
with neighboring tribes for raw skins.** We are also told that the
poorer sort of white planters often got them to plant, by hiring them
for that season, or for so much work.tt
Of the tribes that inhabited Florida, including under that title
Georgia, Tennessee, Arkansas, and all the Gulf States except Texas,
our accounts are very full and explicit. From the time of De Soto,
A. D. 1539, and even earlier,tt corn was grown everywhere in great
abundance. Indeed, but for the quantities seized by that adventurer
during the three or four years he passed in rambling, to and fro~ over
the vast region traversed by him on both sides of the Mississippi, he
*Adair, History of the American Indians, p. 225: London, 1775.
tLawson, Carolina, p. 207; London, 1718,
+Ibid., pp. 17 and 177,
§Ibid., pp. 179, 232, 198,
lllbid., p. 188.
1flbid., p. 179.
** lb,id., pp. 58, 176, 208.
tt Ibid., p. 86.
t+Cabeca de Vaca, in Buckingham Smith's translation, pp. 41-47: New York1
1871. Herrera, History of Arnm·ica, vol. VI, pp. 30, 31; London, 1740,
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could not have subsisted his horde of ruthless followers, with their attendant trains of captives and domestic animals.* La Vega, Biedma,
and above all the Knight of Elvas, bear witness to this fact on almost
every page of their narratives. t We are also told that, on both sides
of the river, the natives lived in walled towns,t and that they gathered
every man his own crop,§ which they stored in barbacoasll or granaries,
made somewhat like those in Carolina.
Passing over an interval of a hundred and fifty or two hundred
years, and eoming down to the eighteenth century, we find the eondition of affairs in all that region practically unchanged. The same
tribes, with scarcely an exception, that held the country east of the
Mississippi in the time of De Soto still possessed it, and lived substantially within the same boundaries as they did when first visited. In
the meantime, the Mississippi had been explored from the Falls of St.
Anthony to its mouth, the French and English had pushed their trading posts everywhere throughout the valley, and were contending for
the possession of all that vast domain; but the Indians, save when
brought into immediate contact with the whites, still pursued the even
tenor of their way, and hunted and fought, danced and worshiped, much
as their ancestors had done some two hundred years before. They built
their houses and fortified their villages in much the same manner,~ and
cultivated their fields and gardens with the same rude and unsatisfac""'Ve landed six hundred and twenty men and two hundred and twenty-three
horses." Narrative of Biedma, in Hist. Coll. of Louisiana, part II, p. 97. This is
the smallest number given by either one of the chroniclers of this expedition, and it
is accepted for this reason. It will be seen that no mention is made of the drove of
hogs, though it must have been large, as we are told, l. c., p. 104, that in the attack made by the Indians on the Spaniards when in winter quarters at Chicac;a,
they destroyed "three hundred hogs," besides fifty-seven horses. The Gentleman
ofElvas says "fifty horses and four hundred hogs."
t "In the barns and in the fields great store of maize. - - - Many sown fields
which reached from one (town) to the other," p. 152. "In the town was great store
of old maize, and great quantities of new in the fields," p. 172. - - - "The maize
that was in the other town was brought hither; and in aU it was esteemed to be six
thousand hm·negs or bushels," p. 203. - - - "As soon as they came to Cale, the
governor commanded them to gather all the maize that was ripe in the fields, which
was sufficient for three months," p. 130: Narrative of the expeclition of Hernando de
Soto, by a Gentleman of Elvas, in Hist. Coll. of Lonisiana, part II. "De Soto did
not kill any of his hogs, because they found plenty of provisions:" Herrera, vol. v,
p. 312: London, 1740. "Caciquess" of Cofachiqui "had 2,000 bushels of maize in
one of her towns:" Ibid., p. 317.
:j: Gentleman of Elvas and Biedma, in Hist. Coll. of Lot£isiana, part u, pp. 103, 104,
160, 172: Philadelphia, 1850. Garcilasso de la Vega, seconde partie, pp. 19-37: Paris,
1709.
~ A brief note, - - - taken out of the 44th chapter of tht3 Discovm·y of the
Inland of Flm·icla on the backside of Virginia, begun by Fernando deSoto, A. D. 1539,
in Mass. Hist. Coli., Vol. VIII, third series, p. 115.
II Gentleman of Elvas, Z. c., p. 137.
~ Du PratzJ Hi8iOTY of Louisiana, vol. n, p. 251: London, 1763. Dumont, Memoir
in Hist. Coli. of Louisiana, part v, p. 108: New York, 1853.
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tory implements. * In all this they did not differ from their neighbors
to the North; in fact, so similar were their forms of government, their
customs, and their religious beliefs, that, mutatis m'lttandis, the accounts
given of the Hurons and Algonquins might, with but little change, be
applied to the tribes living south of the Ohio. t In one or two particulars, however, there seems to have been some improvement, notably in
their organized system of relief for the poor and needy, which seems
to have existed from the earliest period, t and in the provision, made at
harvest timf. for the exercise of tribal hospitality, and for defraying,
what may be justly termed, public expenditures.§ In their method,
too, of preventing, or rather, punishing laziness, which they did by
:fine,ll they showed an advance in social science that is worthy of all
corr..mendation. Among them corn was the staple article of food, ff and
was cultivated in great quantities, their :fields not unfrequently being
measured by miles instead of by acres.** The work was done in common, though the :fields were divided by proper marks, and the harvest
was gathered by each family separately.tt The men are said to have
"Set, ante, foot-note t, on page 509.
tLafitau, Moe1ws des Sauvages ArneT'iquains, vol. r, p. 530: Paris, 1724.
t "Caciquese of Cofachiqui had two storehouses for the relief of the needy:"
Herrera, vol. v, p. 316: London, 1740. Timberlake, who visited the Cherokees,
A. D. 17{i1, and accompanied a delegation of them to England, describes their method
of relieving the poor, which resembles, in some respects, the "begging dance" of
the Indians of the Plains: Memoirs, p. 68: I . ondon, 1765.
~ "Previous to their carrying off their crops from the field, there is a large crib
or granary, erected in the plantation, which is called the King's crib; and to this
each family carries and Jeposits a certain quantity, according to his ability or inclination, or none at all if he so chooses; this in apearancc seems a tribute or revenue tc the mico, but in fact is designed foT another purpose, i. e., that of a public
treasury, supplied by a few and voluntary contributions, and to which every citizen has the right of a free and equal access, when his own private stores are con~
sumed, to serve as a surplus to fly to for succor, to assist neighboring towns, whose
crops may have failed, accommodate strangers or travelers, afford provisions or supplies when they go forth on hostile expeditions, and for all other exigencies of the
State :n Bartram, T1·avels through Florida, p. 512: London, 1791. The Huron-Iroquois also ?.ad a public treasury, which contained wampum, Indian corn, slaves,
fresh and dried meat, and, in fact, anything else that might serve to defray the
public expenses. See Lafitau, vol. r, p. 508, and vol. n, p. 273.
II" The delinquent is assessed more or less, accordmg to his neglect, by proper
officers appointed to collect those assessments, which they strictly fulfill without
the least interruption or exemption of any able person :n Adair, History of Amer,ican
Indians, p. 430: London, 1763. Compare Lawson, Cavolina, p. 179: London, 1718.
~"Chief produce and main dependence:" Aclair, p. 407.
"Principal subsistence:"
Du Pratz, Histo1·y of Louisiana, vol. II, p. 239: London, 1763. " Common food of
the Creeks is Indian corn:" Schoolcraft, Indian Tribe,s, vol. v, p. 264. 11 They sow
their maize twice a year:" Laudonuiere, in Hist. Coll. of Lonisiana, part p. 174.
"*Adair, pp. 225, 353, 411: London, 1763. Bartram, Tmrels thron,r;h Plorida, pp.
54, 332, 350, 352, 354: Philadelphia, 1791. Narrative of Jon tel, in Margry, vol. ur,
p. 462: Paris.
tt Bartram, p. 512. Adair, p. 430. Romans, East and West Plorida, p. 87.
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aided in the field-work. Indeed, so general was this custom, that I do
not know of a single prominent tribe living east of the Mississippi and
within the limits named, in which this can not be shown to have been
the case.* The Choctaws, as we have seen, were a nation of farmers,
and helped their wives in the labors of the field and in many other
kinds of work ;t the Musco gees rarely went to war until they had
helped the women to plant a sufficient plenty of provisions, t and Hawkins tells us that to constitute a legal marriage among them, a man
must, among other things, "build a house, make his crop, and gather
it in, then make his hunt, and bring home the meat;" and that when
all this was put in possession of the wife, the ceremony was ended, or
as the Indians express it ''the woman was bound, and not till then."§
Among the Natchez and kindred tribes, the men not only cleared
the fields and worked the crops,! I but in one field, that in which was
raised the corn destined for use in the feast of the '' Busk" or First
Fruits, the ground was prepared and cultivated by the warriors alone,
and the women were not allowed to take any part in the work at any
stage.~T
Slaver.y was common among all these nations from the earlies
times, as it was also among tribes belonging to the Huron and Algonquin families of the North, that being the usual lot of the captives,
especially of the women and children. In the time of De Soto we are
told that some of these tribes had many "foreign Indian slaves,
taken in war, whom they put to tilling the ground and other sorts of
labor; and that they might not run away, they used to cut their heels,
or some sinews in their legs, so that they were alllame.7'** At a later
time, the custom of enslaving captives still existed, tt though I do not
find that they were mutilated in order to prevent their escape. It is
quite probable however that this was still sometimes done, as Lawson
*Laudonniere, l. c., p. 174. Bartram, pp. 194, 226, 512. .Adair, pp. 407-430.
Romans, p. 85. Memoir of Tont,i, in Hist. Coll. of Louisiana, vol. I, p. 63 . Le
Moyne, plate xxi: Frankfort ad Moen urn, 1591.
t Bernard Romans, East and West Florida, pp. 71, 83, 85: London.
t .Adair, History of American Indians, p. 255: London, 1775.
~Sketch of the Creek Country, in Collections Ge01·gia Hist. Soc., p. 42.
Schoolcraft, Indian Tribes of the Dnited States, vol. v., p. 267.
IIDu Pratz, Hist, of Louisiana, vol. n, pp. 168-189: London, 1763. Among the
Tonicas on west side of the Mississippi, "the men do what peasants do in France;
they cultivate and dig the earth, plant and harvest the crops, cut the wood and
bring it to the eabin," etc. Father Gravier, in Shea's Ea1·ly Voyages, p. 134: Albany,
1861. Compare St. Cosme in same, p. 81.
~ :qu Pratz, vol. n, p. 189.
** Herrera, History of America, vol. v, p. 320: London, 1740.
ttM. Penicaut, in Hist. Coll. of Louisiana, new series, pp. 123, 124: New York, 1869.
Brinton, Fl01·idian Peninsula, p. 141: Philadelphia, 1859. Bartram, Travels through
Florida, pp.186, 213,507. Narrative of La Salle's voyage down the Mississippi by
Father Membre, in Discovm·y and Exploration of the Mississippi, p. 171: New York,
1852. Du Pratz, Louisiana, vol. n, p. 249. Schoolcraft, Indian Tribes, vol. v, p. 260.
Timberlake, Memories relating to the Chm·okees, p. 90: London, 1765. Herrera, vol.
VI, p, 260: London, 1740.
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speaks of an Indian captive who had been thus treated by the Senecas,
but who had nevertheless managed to escape and :find his way back
to North Carolina in that crippled condition.* These nations excelled
in manufactures, such as pipes, pottery, and wickerwork, t and seem
always to have had more or less traffic among themselves.+ Indeed,
Herrera speaks of "merchants that travelled up the country," and the
experience of Cabe~a de Vaca among the Indians of Texas, as a dealer
in :flint and other articles, which he brought from the interior and bartered with the Indians of the coast, would seem to be decisive as to
the existence among them of a class of pedlers. §
Of the tribes that lived on the west bank of the Mississippi, our accounts are not so full; but from what we do know of them, it is safe to
say that in their manner of life they did not differ materially from
their neighbors on the other side of the great river. In the time of La
Salle, A. D. 1682, they lived in fixed villages ('' sedentaires "),II as they
bad done some hundred and :fifty years before, when De Soto swept
through that country like a tornado, and they still cultivated corn in
great abundance. tjT Peach, plum, and apple trees were found among
the tribes living near the mouth of the Arkansas;** and these same
tribes are said to have had great quantities of domestic fowls, including
:flocks of turkeys; tt in short, to have been "half-civilized." +t As J outel
*Lawson, Carolina, p. 53: London, 1718.
t Adair, p. 423: London, 1775. Du Pratz, Louisiana, book rv, chap. iii, sec. 5: London, 1763.
tHerrera, vol. v, p. 310: London, 1740. Laudonniere in Hakluyt's Voyages, vol.
nr, p. 369: London, 1810. Schoolcraft, Indian Tribes of the United States, vol. v,
p.692.
~"With my merchandise and trade I went into the interior as far as I pleased,
and travelled along the coast 40 or 50 leagues. The principal wares were cones
and other pieces of sea snail, conches usell for cutting, and fruit like a beau, of the
highest value among them, which they use as a medicine, and employ in their dances
and festivities. Among other matters were sea beads. Such were what I carried
into the interior; and in barter I got and brought back skins, ochre, wHh which
they rub and color the fac, hard canes of which to make arrows, sinews, cement,
and flint for the heads, and tassels of the hair of deer, that by dyeing they make red.
This occupation suited me well; for the travel allowed me liberty to go where I
wished. I was not obliged to work, and was not treat~d as a slave. Wherever I
went I received fair treatment, and the Indians gave me to eat out of regard to my
commodities." Relation of Cabe<;a de Vaca, translated by Buckingham Smith, pp.
85, et seq.: New York, 1871.
II Memoirs of the Sieur de Tonti, in Hist. Coll. of Louisiana, p. 64.
~Narratives of Fathers Marquette and Mombre, in Discovery and E:rJ.Jlomtion of
the Mississippi, pp. 48, 169, 177. Memoir of Tonti, ancl Joutel's Journal, both in
Hist. Coll. of Lonisiana, part I, pp. 63, 65, 151, 153, 163, etc . The latter author in
Margry, vol. nr, p. 462, Paris, tells us that tile Kappas had a field a league in length
by lt in width.
"*Tonti, l. c.J p. 61.
ttNarrative of Father Membre, l. c., p. 169.
Hlbid., p. 172. "Nothing barbarous lmt the name." Narrative of Father Douay,
in Discorery a11d Exploration of the Mississippi, p. 203.
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tells us that there was but little difference in the religion, manners,
clothing, and hou~es of the nations inhabiting this region,* it seems
fair to conclude that the others were not behind the favored few in all
that contributed to tbe physical comfort and well-being of a people.
Their men cleared the ground, and aided in the work of the :fields; t
and among the Tensas, they had so far anticipated modern methods,
that in one ''clearing," called by them " the field of the spirit," they
are said to have worked to the music of the drum.t The labor of the
:fields was done in common, though each family had its own particular
plot of ground.§ The harvest was gathered separately by each family,
and was stored in magazines, or in large baskets made of cane, or in
gourds as large as half barrels.JJ In other respects, too, individual
rights seem to have been respected.~1 Slavery existed among the Tensas
and other tribes who are said to have had the same customs.** They
had more or less traffic with other tribes, especially in bows, in the
manufacture of which the Caddoes are said to have excelled. tt
Ascending the Mississippi, we :find among the Algonquin tribes of
the Northwest a condition of affairs very similar to that which bas been
described as existing among their kindred and neighbors to the eastward. At the date of the arrival of the French, say in the beginning
of the last quarter of the seventeenth century, the Miamis. Kickapoos,
Winnebagoes, Outagamis or Foxes, and other tribes, were living in
Wisconsin and the northern part of Illinois, H whilst all south of that,
extending as far as the mouth of the Ohio, was held by the Illinois and
their allies, among whom were a few villages of Shawnees. These latter came later, having established themselves here upon the invitation
of La Salle, §§ though the home of their tribe is said to have been. at
this time, some thirty days' journey to the east-southeast, in what is
*Joutcl, Jmtrnal, l. c., pp. 151, 152. Tonti, l. c., pp. 62, 63.
tTonti and Joutel, Z. c., pp. 63-149. Father Gravier, in Shea's Em·ly Voyages, p.
134: Albany, 1861. "Men among Toni cas employed solely on their fields." St.
Cosme, l. c., p. 81.
:j:Tonti, 7. c., p. 62. Adair, Z. c., p. _407, speaking of the Creeks, says that sometimes when at work in the fields, "one of their orators cheers them with jests and
humorous old tales, and sings several of their most agreeable wild tunes, beating
also with a stick in his right hand on the top of an earthen pot covered with a wet
and well-stretched deerskin." Compare also Lawson, Ca1·olina, p. 175: London,
1718.
~Joutel, Jou1·nal, l. c., p. 149. Charlevoix, Nouvelle France, vol. III, pp. 21, 22.
IIMemoi1· of the Sieur de Tonti, l. c., p. 61. Nan·ative of Father Marquette, p. 48.
~In their cottages "they have nothing in common besides the fire." Joutel, p.148.
*"Narrative of Father Membre, pp. 171-182. In his Memoir, Tonti, p. 61, speaks of
the "maitre d'hotel" to the chief of the Tensas. See also Jon tel, Jou1·nal~ p. 1601
and La Harpe in Hist. Coll. of Lottisiana, part III, p. 68.
ttTonti, p. 73.
H Narrative of Father Marquette, pp. 13-22.
9~ Me·rnoir of Tonti, p. 66. Narmtive of Father :M;embre~ l. c., p. 163,
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now known as the State of Kentucky,* where they seem to have taken
refuge after their expulsion from the region south of tho lakes by the
Iriquois. t .Among all these nations corn was cultivated in quantities,
and was preserved in caches.t The field work seems to have been left
to the women§ and slaves. There was also a class of boys or men who
were employed only in women's work, and who did not take part either
in war or hunting. It is possible that they were simply captives or
slaves, though upon this point the evidence is conflicting.// It is cer"Life of Father Marquette, p. 56, and alsop. 41 of his Narmtive, both in Shea's
Discove1·y ancl Explo1·ation of the Jfississippi. In the old maps, the Cumberland is
put down as the river of the Chaouanons.
t Colden (Five Nations, pp. 23 and 25: Lomlon, 1767) says the Shawnees, or, as he
calls them, the Satanas, formerly lived on the banks of the lakes, and that they
were the :first people against whom the Five Nations turned their arms, after their
defeat and expulsion from the region near Montreal by the Adirondacks. There is
reason to believe that this took place in the latter part of the sixteenth century.
t "The soil is good, producing much corn," p. 14. - - - "They live - - - on
Indian corn, of which they always gather a good crop, so that they have never suffered by famine," p. 33 of Na1'1·ative of Marquette. "They live on Indian corn and
other fruits of the earth, which they cultivate on the prairies like other Indians:"
Narrative of Pather Allouez, p. 75. "The richness of their country gives them :fields
everywhere:" Nan·ative of Father Membre, p. 151. All these are published in the
Discovery and E:rplorat'ion of the Mississippi by John Gilmm·y Shea: New York, 1852.
"This is a place of great trade for skins and Indian corn, which these savages sell to
the C:mrenrs de Bois:" La Hontan, Voyages I, p. 105: London, 1703. See also Memoi1' of Tonti, 1. c., p. 54.
§ Joutel, p. 187. Kips, Missions, p. 38. Father Marest, in note to }). 25 of Shea's
Discovevy and Exploration of the Mississippi. There is room however for doubt
on this point, as Charlevoix (Letter8 1 p. 293: London, 1763) speaks of the Illinois as
cultivating the land after their fashion all(l as being very laborious; and in Hawkins' Sketch of the Creek Country, p. 34, we are tolcl that "the Shawnees," some of
whom, at that time, lived among the Creeks, "were very industrious, worked with
the women, an(l made plenty of corn."
II Father Membre, p. 151. Marquette, p. 34, says: "Through what superstition I
know not, some Illinois ns well as some Nadouessi, while yet young, assume the
female dress, and keep it all their life. There is some mystery about it, for they
never marry, and glory in de basing themselves to do all that is done by women; yet
they go to war, though allowed to use only a club: and not the bow and arrow, the
peculiar arm of the men; they are present at all juggleries and solemn dances in
honor of the calumet; they are permitted to sing, but not to dance; they attend the
councils, and nothing can be decided with on t their ad vice; finally, by the profession of an extraordinary life, they pass for manitous (that is, for genii) or persons
of consequence." Compare Lafitau, vol. I, pp. 52 and 53, ancl Lawson's Cm·olina, p.
208. .Father Membre, Z. c., Hennepin, and La Hontan tell us that these men were
reserved for an unnatural purpose, which, according to CharleYoix (Letters, p. 213)
and Long (Expedition to the Rocky Mountains, vol. 1, p. 129: Philadelphia, 1823),
may have been a religious rite or the result of a dream. We are told that the enstom existed among the Choctaws, Delawares, and also among the Indians of Florida,
though it is denied by Lawson, as far as the tribes of the Carolinas are concerned. It
is said to prevail as a religious rite among some of the Pueblo Indians of New Mexico;
and Miss Alice C. Fletcher informs me that during her residence among the tribes of
the Upper Missouri she saw one instance of a man so clothed, and this was caused
by a dream.
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tain, however, that slavery was very common among them, that being
the usual fate of captives "taken from distant nations in the south and
west, where the Illinois go to carry off slaves, whom they make an
article of trade, selling them at a high price to other nations for goods."*
These tribes lived in villages, some of which were very large, and they
also had forts or strongholds for defense in case of necessity. t
Passing over an interval of sixty or seventy years, and coming down
to the middle of the eighteenth century, we find the Shawnees and
Miamis again established in Ohio and Indiana, in company with the
Wyandottes, Delawares, Pottawatamies, and other tribes. Just about
this time, too, the white settlers began to push their way across the
Alleghany Mountains into the valley of the Ohio, and this brought on
that long and bloody struggle between the two races which only ended
with the expulsjou of the Indians from all that territory, and their
establishment on reservations west of the Mississippi. Time and again
they "dug up the hatchet," in order to stay the tide of immigration,
and though for a while they spread terror all along the frontier, yet,
in the. end, they were always obliged to yield to the superior force and
military skill and discipline of the whites. After every such outbreak
they found themselves weaker than before. In retaliation for the outrages which they undoubtedly committed, their country was invaded,t
their villages burned, their crops destroyed,§ and as the price of each
succeeding peace they were obliged to yield more or less of the territory that remained to them. This is a sad chapter in our national his* NmTative of Father Marquette, p. 32. Menwi1· of the Sienr de Tonti, l. c., pp.
56-69-71. "The Saukie warriors geoera1ly employed every snmmer in making incursions into the territories of the Illinois and Pawnee nations, from whence they
return with a great number of slaves. But those people frequently retaliate:"
Carver, Travels, p. 47. See also ibicl., pp. 344 and 345: J_,ondon, 1781, and Relation
de la Nouvelle France en l' annee, 1670, pp. 91 and 97: Quebec, 1838.
t Relation en l' annee, 1670, pp. 98, 99. Carver, Travels, p. 36. Father 1Vlarest, in
note on p. 31 of Discovery amd Exploration of the Miss·issippi. Nan·ative of Father
Allouez in same, p. 74, with note. Charlevoix, Letters, p. 281: Lonclou, 1763. Per
contra, Father Membrc, p. 152, asserts that "Tonti taught the Illinois how to defend themselves by palisades/' though he himself makes no such claim. The statement is improbable.
:j: "Bowman's Expedition to Mad Rive1· in 1779, Clark's iu 1780 and '82, Logan's in
1786 to the head waters of the Big Miami, aucl Todd's in 1788 into the Scioto Valley,
were chiefly directed against the Shawanees:" Drake, Life of Tecurnseh, p. 27.
Besides these, there were other and moTe formidable invasions, some of which, like
that of St. Clair, A. D. 1791, resulted disastrously to the whites; whilst those of
Wayne, 1794, aml Harrison, 1811, were among the most successful, inasmuch as in
them, not only were the cornfields ancl villages of the Indians destroyed, but their
!lOwer was hopelessly shattered by defeat.
\\''In 1780, 200 acres of corn were destroyed at Piqua: Life of Tecnrnseh, p. 2H.
In 1790, several villages and 20,000 bushels of corn destroyed at the Miami villages
on the head waters of the Maumee:" On1· Indian Wa1·ds, by George vV. Manypenny:
Cincinnati, 1880. In 1791, "400 to 500 acres of corn, chiefly iu th{) milk," destroyed
on the Wabash: Butler, Kentv.cky, :p. ~9~: Louisville~ 1834,
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tory, and yet perhaps more than any other, it justifies the statement
that the Indian had made great advance in the scale of civilization.
Instead of being the wandering barbarian that he is painted, without
fixed home, or any means of subsistence save that furnished by the
chase, it presents him to us in the light of a successful farmer-a
worthy rival, in this respect, to his white neighbor-fighting desperately
a losing battle in defense of all he held most dear. Upon this point
Gen. Wayne is certainly competent authority. Writing from Grand
Glaize, .A. D. 1794, just after the battle of the Maumee, and before the
work of destruction had been begun, he uses the following emphatic
language: "On the margins·of these beautiful rivers, the Miamis of the
Lake and the Au Glaize, appear like one continued village for anumber of miles, both above and below this place; nor have I ever before
beheld such immense fields of corn in any part of America from Canada
to Florida.*
This brings us around to the point from which we started, and geographically speaking, completes the circuit. In the course of the investigation, it will be observed that I have taken nothing for granted,
but have endeavored to substantiate every assertion by a reference to
undoubted sources, retaining as far as possible the very language of
the authors. These citations might have been multiplied indefinitely,
but it is believed that enough have been given to show:
(1) That the red Indians of the Mississippi Valley lived in fixed villages, which they were in the habit of fortifying by palisades.
(2) That they raised corn in large quantities, and stored it iu caches
and granaries for winter use.
(3) That whilst, as a fact, the women, children, old men, and slaves
always cultivated the fields, yet the warriors cleared the ground, and,
when not engaged in war or hunting, aided in working and harvesting
the crop, though the amount of such assistance varied, being greater
among the tribes south of the Ohio, and less among the Iroquois or Six
Nations.
A further examination of these same authorities will show that
slavery was more or less common among all the tribes east of the Mississippi; that the rights ofpropertywere duly recognized and respected,
and that there existed among them a system of inter-tribal traffic, in
which, among other things, corn and slaves were bartered for skins
and such other articles as were needed.
II-THE INDIAN .AS .A WORSHIPPER OF 'l'HE SUN,

The question of subsistence being thus disposed of, let us now examine into the form of government and the religious belief of the modern Indians, in order to see whether in these particulars there were
any such differences between the state of affairs that can be shown to
* Quoted in Ou1· Indian Wa1·ds, p. 84: Cincinnati, 1880,
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have prevailed among them, and that which is assumed to have existed
among the mound-builders, as would warrant the inference that they
could not have erected these works. On the part ofthose who hold tbat
there were such fundamental differences, it is contended that there are
certain types of earth-works that were evidently designed for a religious purpose. They are variously termed "temple" niounds and ''sacred inclosures,"* are found sometimes singly and sometimes united in
a more or less complicated system, and are supposed to indicate that
the people who built them were devoted to the worship of the sun.t It
is also asserted that the erection of these works involved a species
and an amount of labor to which the Indian would not have submitted,t
and that hence he did not build them.
This is believed to be a fair statement of the argument, which upon
examination will be found to be fatally defective in so far as it assumes the very point in dispute. To assert that the Indian would not
have submitted to the labor requisite for the construction of these
mounds is virtually to beg the whole question. So far is this from
being true, that there is probably no fact in American archreology
better authentictt,t ed than that the red Indian has, within the historic
epoch, voluntarily built both mounds and earth-works. This of itself
is a · sufficient answer to the statement as to what he would or would
not have submitted to in the way of work, and, at the same time, it
effectually disposes of the theory that only despotic governments could
have controlled the amount of labor necessary to the erection of these
works, since the form of government existing everywhere throughout
the valley of the Mississippi at the date of the arrival of the whites,
except, perhaps, among the Natchez Indians,§ was as far removed as
possible from anything that savored of despotism. Of course it is not
""Squier, Ancient 1lfonuntents of the Miss,issippi Valley, chapters iii and vii: Washington, 1848.
t Foster, Prehistor'ic Races of the United States, p. 182: Chicago, 1873. Shott, North
Americans of Antiquity, p. 100: New York, 1880. Conant, Footp1·ints of Vanished
Races, pp. 38 and 60: St. Louis, 1879. McLean, The Mound-Builders, p. 126: Cincinnati, 1879. Squier, Z. c., p. 49. Schoolcraft, Indian 1Hbes of the United States, vol. v.
pp. 29 and 61. C. C. Jones, Antiqwities of the Smtthm·n Indians, p. 22: New York, 1873.
tFoster, Prehistoric Races of the United States, p. 349: Chicago, 1873.
§In the early accounts, the Bashaba of New England, the \Verowance of Virginia,
the Paraconssi of Florida, not less than the Great Sun of the Natchez, are all represented as absolute rulers, though, to anyone who wili take the trouble to read
between the lines, it is evident that these were simply other names for the office of
chief or sachem, and that the authority of these rulers did not extend any farther
than their power to persuade. Even Du Pratz (whose account of the civil polity of
the Natchez is most highly colored) virtually admits, vol. n, book IV, section 7,
that the war-making power in that nation was vested in a council of old men, and
that when war was once declared, the war chief and not the Great Sun led the
party, which was composed entirely of volunteers. Under different names we have
here the Micco and Tus-tun-nug-ul-gee of the Creeks and the sachem and war chief
of the Iroquois, with no more despotism or monarchy in one case than in either of
the others.
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asserted that these works were as large or complicated as the famous
system on the Scioto; nor is it essential to my argument that they
should have been intended for the same purpose; but that the two were
identical in kind is believed to be beyond dispute, as is also the additional fact that among those known to have been erected by the mod"
ern Indians there are those that ate on such a scale of magnitude as
to prove, beyond doubt~ that when the motive was sufficient the Indian
did not hesitate to perform, voluntarily and for an indefinite length of
time, the same sort of manual labor as that which was necessary for
the construction of the more complicated series of works. Upon this
point the evidence is very clear; and as there was practically no limit
to the time within which these works must have been finished, it follows that their erection by a people living under the same conditions
as the Indians must simply have resolved itself into a question of the
power and permanence of the motive that impelled them to the undertaking. Clearly, if a regard for the dead, or the necessity for selfprotection, could lead the people of a single village to erect, in one
case a burial mound and in the other a breastwork or fort, there can
be no reason why a motive that affected a whole tribe and continued
to influence successive generations might not have led to works as
much greater than these as the one motive is more general and permanent than the other. Cologne cathedral is, to some extent, a case in
point. That building· was begun some five hundred years ago, at a
time when the religious feeling of the people of that country was wont
to manifest itself in such outward marks of devotion, and though the
work has dragged as the ages rolled on and opinions changed, yet the
very same motive or motives that led to its commencement, acting
upon succeeding generations, have resulted at last in the completion
of that superb structure. This being admitted, and I do not see how
it can well be denied, there only remains for me to prove the existence
of some adequate motive among the Indians in order to justify the conelusion that they could have built these works, even those of the largest
size and most complicated pattern.
Under ordinary circumstances thi::; is a task that I should hardly
venture to undertake. To attempt to point out the motive that led the
people of a village or a tribe to execute a certain piece of work, requiring the united labor of a large number of persons for an indefinite time,
especially when the purpose or end for which that work was intended
is itself a matter of grave doubt, seems like a hopeless undertaking;
and yet, with all due deference be it spoken, this is precisely what the
advocates of the mound-builder theory have done, and in so doing they
have marked out the course that this investigation must follow.
Reasoning from analogy~an uncertain guide, at best, in matters
scientific-they not only tell us that a certain class of these works were
designed for a religious purpose, but they assert that they were built
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by a people who worshiped the sun; and they even go so far as to use
this as an argument why they could not have been erected by the red
Indian. That some of these works were, in some way, connected with
this cult is extremely probable; at all events, in view of the plausible
explanation it gives of their origin, the statement is admitted to be true;
but to assume that this furnishes a sound basis for the next step in the
argument, and authorizes the inference that the red Indian could not
have built them, is without warrant, either in fact or logic. Indeed, so
far is it from being an argument in favor of this theory, that it is believed to tell, with disastrous effect, against it, since it can be shown,
on undoubted authority, that everywhere in the valley east of the Mississippi the Indian was a sun-worshipper,'"' and thus, of course, he anu
the mound-builder must have had the same religious cult, even according to the admissions of those who hold that the two belonged to different races and represented different phases of civilization. This being
the case, and it being further admitted that it was this cult that led the
mound-builders to erect works like the so-called sacred inclosures of
southern Ohio, it must follow that there can be no reason why the same
cult should not have produced, among the Indians, precisely similar
results.
To the argument when stated in this fashion, the only answer logically
possible is a denial that the Indians were sun-worshipers, all others
being barred by the terms of the statement; and as this is the course
that the discussion must inevitably take, it behooves me to strengthen
this point as much as possible. To this end an appeal to the early
records again becomes necessary, and though it seems like a waste of
time thus to "thrash old straw," yet the fact that recent writers on this
subject have either entirely ignored the existence of sun worship among
the modern Indians, or else have limited it to a few tribes, t is proof
positive of the necessity for repeating the evidence which has led me
to a contrary conclusion. In doing this, however, the order followed in
investigating the question of subsistence will be reversed. Instead of
beginning with the Huron and Algonquin families, as was done in that
* "The tribes of the New World chose the sun as the object of their adoration:"
Brinton, Notes on the Floridian Peninsttla, p. 126, Philadelphia, 1859. "vVith almost
all the aborigines there is proof - - - of the former worship of the sun:" Bradford, Amm·ican Antiq·uities, p. 181, New York, 1841. "The United States Indians regarded the sun as the symbol of light, life, power, and intelligence, and deemed it
the impersonation of the Great Spirit. They sang hymns to the sun and made genuflections to it:" Schoolcraft, Indian Trib l3s, vol. v, p. 407, and vol. nr, pp. 60 and 64.
''The religions or superstitions of the American Nations - - - are only modifications of that primitive system which has been denominated sun or fire worship:"
Squier, Serpent Syrnbol in America, p. 111, New York, 1851. See also Tylor, Prirnitive
Culture, vol. n, pp. 287 et seq., Boston reprint 1874. Nuttall, Travels in Arkansas, p.
277, Philadelphia, 1821.
t Footprints of Vanished Races, p. 61: St. Louis, 1879.
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case, the tribes south of the Ohio, called by Schoolcraft the Appalachians (though they do not all belong to the same stock or family), will be
first considered. This change is deemed advisable for the reason that
the religious rites and observances of these tribes are better known than
are those of any other nation in the Mississippi Valley, and because,
further, it is only by the light of this knowlegde that it is possible to
interpret customs once prevalent elsewhere, but which have either
wholly died out or lost much of their significance. As an instance of
this, take the institution for keeping up a perpetual fire,* which seems,
at one time, to have been very general among the tribes north of the
Ohio, but which disappeared soon after the arrival of the whites, though
we are told that its rites and duties were still fresh in the recollection
of the Indians. Of itself, the fact that this institution had once prevailed extensively among tribes both of the Huron and Algonquin families might not be considered as settling definitely their form of religion;
but if it be taken in connection with the very prominent part this rite
held in the religious observances of the sun-worshiping tribes of the
Gulf States, it will be seen that it forms an important link in the chain
of evidence that points to the existence of one and the same form of
worship among these different nations. Other instances of a similar
character will doubtless occur in the course of this investigation; and
my object in calling attention, at this time, to the sudden disappearance,
over such a wide area, of what must have been an important religious
rite, is not so much to mark the identity that once existed in the ritual
of these widely separated nations, as it is to indicate the method that
it is proposed to adopt in the treatment of this and similar cases. This
mode of reasoning is believed to be perfectly fair and legitimate, though
of course its efficacy will depend upon the establif:!hment of the truth
of the proposition that the southern Indians were sun-worshipers.
Fortunately this is a matter about which there can not be much doubt.
* General Lewis Cassin Notes to Sanillac, a poem by Henry Whitney: Boston, 1831.
Brinton, Myths of the !{ew World, p. 150: New York, 1876. Schoolcraft, Add1·ess be:
fore N. Y. H 'istor'ical Society, 1846, quoted in Serpent Sy,rnbol in America, p. 129.
"The general council of the Five Nations was held at Onondaga, where there has,
from the beginning, been kept a fire continually burning, made of two great logs,
whose flames were never extinguished:" Colden, Five .Nations, vol. r, p. 167: Lolldon, 1747. This language may be metaphorical, and the'' fire" spoken of may mean
a "council fire," and I am perfectly willing to admit that it does, though Lafitau,
vol. r, pp. 340 and 341, speaking of the Iriquois, tells us that "Les Sauvages out
encore plus perdu de leurs coutftmes depuis ce temps-la; ils le reconnoissent euxmemes, et y ont regret; car dans les malheurs qui leur arrivent, ils disent qu 'ils ne
doivent pas s'cn plaindre, et que c'est nne punition pour avoir abandonne l'usage de
leurs retraites, et de leurs jeftnes."
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La Vega,* Laudoniere, t and others, t some of whom wrote in the
latter part of the sixteenth century, bear witness to the fact in the most
unmistakable language, and their statements are confirmed by all tlle
later writers.§ To enumerate these latter would be simply to call the
roll of all who hav~ written upon the su~ject, and l1owt:wer interesting this might be to the special student in a bibliographical point of
view, it would soon become monotonous and "caviare to the general."
For this reason, I shall confine myself to a rapid survey of some of the
religious customs that prevailed among these tribes, and will only make
such use of authorities as may be necessary to establish the truth of the
propositions advanced.
Speaking in a general way, then, it may be said of these nations that
among some of them "the sun was regarded as one of the great
deities; by others it was looked upon as the symbol or representative of
the chief deity, and yet again by others it was considered as the
supreme deity himself." 11 As part and parcel of this worship, there
were certain rites and ceremonies, among which that of keeping up a
perpetual fire was one of the most striking. This fire was kept burning in honor of the sun,~T and was regarded as being too sacred to be
* "Les peuples de la Flori de tiennent le Soleil et la Lune pour des Divinites :"
Histoi,re de la conquete de la Floride, p. 11; Paris, 1709. According to the Gentleman of Elvas, DeSoto, in order to ingratiate himself with the tribes through whose
dominions he was passing, represented himself as being a child of the Sun. ''Dry up
the river," answered the Cacique of Quigalta, "and he would believe him:" Narrative of the Expedition of Hernando de Soto in Hist. Coll. of Louisiana, part n, p.187.
t "They sing praises to the Sun, ascribing unto him the honor of the victory;
They have no knowledge of God, nor of any religion, saving that which they see, as
the Sun and the Moon:'' History of the first attempt of the French to colonize
Florida, A. D. 1562, in Hist. Coll. of Louisiana, new series, pp. 171-252, and 253:
New York, 1869.
tLe Moyne, plate xxxv and explanation, Franckforto ad Moenum, 1591. See also
})late in preface to vol. VI of Herrera's Histm·y of Amel'ica, in which the Indians
of Florida are represented as "sacrificing their first· born to the Sun:" London, 1740.
"Leiil Apalachites adoraient le soleil de meme que la plnpart des plus celebres peuples de l' Amerique:" Rochefort H'istoire des Antilles, p. 412: Rotterdam, 1665.
Confirmed by Herrera, pp. 328-355 of vol. v, and p. 24 of vol. VI: London, 1740.
"Le Soleil est en quelque fa~on l'nnique Divinite des Floridiens, tons leurs Temples lui out consacrees :" Charlevoix, Nouvelle F1·ance, vol. I, p. 41.
~Consult Jones, Antiquities of the Southm·n Indians, chapters i and xix: New
York, 1873. Brinton, Floridian Peninsula, chapter iii, section 3: Philadelphia, 1859.
Tylor, Prirnitive Cultu1·e, vol. u, p. 287 et seq.: Boston repril}t, 1874. Squier, Serpent Syrnbol in Arnerica, chap. iv: New York. 1851. Ancient Monurnents of the Miss'issippi Valley, p. 123: Washington, 1848.
II This is the classification made by Ty lor, Prirnitive Cult111·e, vol. n, p. 287, of the
beliefs of "the ruder tribes" of the northern continent. It seems to me that it is
equally applicable to the tribes living on the lower Mississippi and along the Gulf
coast, and I have adopted it, even though those nations are sometimes considered,
on what are believed to be insufficient grounds, as occupying a somewhat higher
place in the scale of civilization than their neighbors north of the Ohio.
~Charlevoix, Letters, p. 313: London, 1763.
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used for ordinary purposes. It was fed with Rticks or billets of wood
without the bark, placed so as to radiate from a common center somewhat like the spokes of a wheel, the fire occupying the center or hub.
It was kept in buildings or temples erected for the purpose, in which
were also preserved the bones of the dead chieftains, neatly done up in
cane baskets. Priests or guardians were appointed to watch over this
fire, and see that it never died out, as its extinguishment was thought
to forebode dire evil to the tribe.* In case such a thing did happen,
either by accident or through carelessness, the fire could only b~ rekindled by brands taken from that kept burning in the temple of the Maubiliens. t
First among the priests or guardians of the temple and fire among
the Natchez was the chief of the tribe, or, as he was called, the Great
Sun. :j: Every morning at sunrise he appeared at the door of his cabin,
and turning toward the east ' 1 he bowled three times," bowing down
to the earth. Then a calumet, used only for this purpose, was brought
him, and be smoked, blowing the smoke of the tobacco first towards the
sun and then towards the other three quarters of the world.§ He
acknowledged no superior but the sun, fi·om which he pretended to
derive his origin. II
The.se temples did not differ materially from each other. nor from the
other cabins, especiallythose of the Indian chiefs. The description which
the Sieur de Tonti bas left us of the one among the Tensas, visited by him
*Charlevoix Lettm· no. xxrx, pp. 308 et seq.: London, 1763. Du Pratz, History
of Louisiana, vol. n, chapter 3, sections 2 and 4: London, 1763. Memoir of Tonti in
.. Hist. Coll. of Louisiana, part I, p. 61. Father Le Petit in Hist. Coll. of Louisiana,
part III, note top. 140 et seq. La Vega, C011-quete de la Floride, vol. I, p. 266 et seq.:
Paris, 1709. Gentleman of Elvas in Hist. Coll. of Lonis,iana, part n, p. 123. Letter
of Father Gravier in same, second series, pp. 79 et seq.: 1875.
t Charlevoix, Letters, p. 323; London, 1763.
t Du Pratz, Histo1·y of Louisiana, vol. u, p. 212: London, 1763.
~ Charlevoix, Lettm·s, p. 315. Father Le Petit in Hist. Coll. Louisiana, part III,
note to p. 142. Father Douay's Narrative of La Salle's attempt to ascend the
Mississippi in 1687; published in Shea's Discovery and Exploration of that river, p.
228. It was in this expedition that La Salle was murdered, and the good father's
account relates to t.he tribes that were then living in what are now the States of
Texas, Louisiana, and Arkansas. He says: " The Sun is their divinity, ::tnd they
offer it in sacrifice, the best of their chase in the chief's cabin. They pray for half
an hour, especially at sunrise; they send him the first whiff of their pipes, and then
send one to each of the four cardinal points." As late as the beginning of the
present century, Nuttall tells us that, according to the testimony of a Quapaw
chief, the "Osages smoked to God or the sun, and accompanied it by a short
apostrophe:" Tmvels into the A1·kansas Ten itory p. 95; Philadelphia, 1821.
II Charlevoix, Letters, p. 315. This belief was not confined to the Natchez, as the
Hurons and also the tril>es of the Ploridian Peninsula asserted the same thing of
their chiefs. See Charlevoix, Lettm·s, p. 314, for the former, and Lafitau, Moeurs
des Sauvages .Arneriquains, vol. I, pp. 181 and 456 for the latter. Bartram, T1·avels
through Fl01··ida, p. 496, says that among the Creeks, 11 the Micco seems the representative of the Great Spirit."
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during the course of his trip down the Mississippi with La Salle, A. D.
1682, will, with but few changes, apply equally well to all of them.
After premising that these tribes "have a form of worship, and adore
the sun,"* he goes on to say that the temple is very like the cabin of
the chief, which stands opposite, except that on top of it there were
the figures of three eagles which looked toward the risiug sun. It was
about 40 feet square, and the walls, 10 feet high and 1 foot thick, were
made of earth and straw mixed. The roof was dome-shaped, and about
15 feet high. Around this temple were strong mud walls, in which are
:fixed spikes, and on these are placed the heads of their enemies, whom
they sacrificed to the sun. Within it there is an altar, and at the foot
of this altar three logs of wood are placed on end, and a fire is kept up
day and night by two old priests, who are the directors of their worship.t
We are are also told that, at one time, these temples were quite common throughout all the vast region then known as Florida, a majority
of the tribes and even many of the villages having their own, and keeping up in them perpetual fires. t Geographically speaking, they are
found all the way from Arkansas to the southern extremity of the peninsula of Florida; and in point of time they cover the one hundred and
eighty years embraced between the expedition of DeSoto and the visit
of Charlevoix in A. D. 1721. § About this time they seem to have gone
somewhat out of fashion, as we are told that the one among theNatchez
was the only one left; and although that is said to have been held in
great veneration "by all the savages which inhabited this vast coutinent," and the eternal fire was still kept up, yet it is evident from the
neglected and unguarded condition in which Charlevoix found it II that
it had lost much of its sacred and distinctive character. Indeed, he
tacitly admits as much, and probably assigns the true cause when he
*Memoir of Tonti in Hist. Coll. of Louisiana, part I, pp. 61 and 64.
t Memoir of Tonti in Hist. Coll. of Louisiltna, part I, pp. 61 et seq. N arrafive of
La Salle's voyage down the Mississippi by Father Membre, p. 171. Speaking of the Indians of the lower Mississippi, the worthy fa ther says: "We remarked a particular
veneration they ha.d for the sun, which they r ecognized as him who made and preserves all." Compare this description of the temple of the Tensas with that of similar
buildings among other tribes as given in Charlevoix: Letters, pp. 312 et seq., and in La
Nouvelle ]/ranee, vol. III, p. 381: Dn Pratz, History of Louisiana, vol. n, chap. 3,
sections 2 and 4; La Vega, premiere partie, pp. 266 et seq.; Gentleman of Elvas in
Hist. Coll. of Louisiana, part r, p. 123, and Father Le Petit, in the same, part III, note
to pp. 141 et seq. This latter author says of the Natchez: "The sun is the principal
object of veneration to these people; as they cannot conceive of anything which can
be above this heavenly body, nothing else appears to them more worthy of their
homage."
tCharlevoix, Letters, p. 323. Du Pratz, vol. II, pp. 210 and 11. Father Le Petit,
l. c., note on p. 144.
§La Vega, Conqnete de la Floride, premiere partie; pp. 264 et seq. Ibid., secoude
partie, p. 89: Paris, 1709, Gentleman of Elvas, l. c., p. 123. Charlevoix Letter, no.
XXIX: London, 1763. Du Pratz, vol. n, p. 211: London, 1763 ,
II Charlevoix, Letters, pp. 313 and 323.
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ascribes it to the fear lest the French should violate these la8t restingplaces of the dead,* as they had done with the temple of Oumas t a few
years before.
Some twenty-five years later, in the time of Adair, who lived and
traded among the Chickasaws, Creeks, and Choctaws for many years
subsequent to 1735, the change was even more perceptible. It is true
that the tribes constituting the Creek or Muscogee confederacy kept
up many of the peculiar usages of the Natchez, and continued to venerate the sun, as they certainly did down to a comparatively recent
period ;t and in describing their religious ceremonies, Adair still speaks
of a "sacred fire," ''holy places," "synhedria," etc.;§ but it is evident
that in so doing he has been betrayed by his wild notions as to the
identity of the American Indians with the lost tribes of Israel, into the
adoption of a terminology that is not warranted by the facts. Temples
such as the one described among the Tensas, and which, as we have
seen, were once common among all the Floridian tube~, no longer existed, and in their stead we find the state house, rotunda, hot house, or
simple council chamber, such as it was known to the Creeks and Cherokees. In connection with the' disappearance of the temples proper
among these nations, there seems to have been a corresponding decrease
in the number and purity of their religious rites and ceremonies. Du
Pratz II mentions the fact, ascribing it to the decrease in population,
whilst Adair,~ mourning over what he is pleased to consider the religious
degeneracy of the times, complains that "their primitive rites are so
corrupted within the space of the last thirty years that, at the same rate
of declension, there will not be long a possibility of tracing their origin
but by their dialects and war customs." Especially is this said to be
true of the Cherokees, whom he stigmatizes as a nest of apostate
hornets.**
A few years later, say during the last quarter of the eighteenth century, and the change is complete. A temple is no longer even spoken
of, though the council house, which seems to have taken its place as the
scene of their religious rites aud festivities, inherited something of its
sacred character. It was still placed upon an artificial mound, tt as it
had been among theQuapaws of Arkansas,tt theNatchezofLouisiana,§§
*Charlevoix, Letters, p. 313: London, 1763.
t Lafitau, Moeu1·s des Sauvages .ihneriquains, vol. I, p. 168: Paris, 1724.
t Nuttall, Tmvels into the Arkansa 1'eJTitory, p. 277: Philadelphia, 1821.
~ Adair, History of the North .Amm·ican Indians, pp. 30 and 98, et seq.: London, 1775.
II History of Lou,isiana, vol. n, p. 210: London, 1763.
~History of North A·merican hdinns, pp. 81 and 98.
**North American Indians, p. 81.
tt Bartram, Travels throngh JJ'loricla, p. 367, et seq.: Philadelphia, 1791. tiee also
MSS. of the same author quoted by Squier in Srnithsonian Contribu.tions to Knowledge,
vol. n, pp. 136, et seq., and Adair, No1·th .Arne1·icnn Indians, p. 421.
H La Vega, Conqnete de la Floride, seconde partie, p. 89: Paris, 1709.
~~ Du Pratz, vol. n, p. 211: London, 1763. Father Le Petit, in Hist. Coli. of LouiBiana, part III, note to p. 140.
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and other southern tribes; and here the old men of the village were
accustomed to meet every evening to talk over public affairs; and here
also took place many of their feasts and dances when the weather precluded the use of the open square in front.* Women were no longer
shut out from its sacred precincts, but were permitted under certain
conditions to take a subordinate part in the ceremonies, except, perhaps,
among the Creeks, among whom, according to Bartram, it was still
deemed an offense worthy of death for a woman to enter this rotunda.t
He also tells us that it was within this building that the new fire was
kindled on the occasion of the feast of first fruits, and it was here that,
under guard of the priests, " they seem to keep up the eternal fire."t
This however had lost its original form, and was now spiral in
shape.§ Its sacred character too was gone, for the houseless pauper
could now bask in its warmth undisturbed by priest or prophet; and
when the evening dance or the council was over, he might find a night's
lodging within the precincts of the temple itself.JJ
Another very interesting i'ite was that of annually putting out all the
:fires of the tribe, and kindling them anew from sacred fire produced by
friction. This ceremony took place at the Feast of the Busk or offering
of :first fruits, which seems to have been very general throughout this
region.,-r Indeed, Schoolcraft tells us that it also prevailed among the
Huron and Algonquin families north of the Ohio, and that it extended
*Hawkins, Sketch of the C1·eek Count?·y, p. 72. Adair, p. 18. Bartram, Travels
through Flo1·ida, pp. 369 and 516. Schoolcraft, vol. v, p. 265. Timberlake, Memoi1·s
1·elatin[J to the Cherokees, p. 32.
t Bartram, MSS. quoted in Smithsonian Cont1·ibutions to Knowledge, vol. u, p. 138:
Washington, 1851.
+Ibid., p. 138. "Muscogulges pay a kind of homage to the Sun, Moon, and Planets:" Bartram, MSS. quoted in Serpent Symbol, p. 69: New York, 1851. "Cherokees
adore Sun and Moon:" Payne, MSS. quoted in same, p. 68. Indians of Southern
States appear to have been "originally worshipers of the Sun. The Chahta, when
he has greatly misbehaved, utters these ejaculations: when the Sun forsakes a man
he will do things he never thought to do. The Sun is turned against me, therefore ·
have I come to this :" Pitchlynn, q noted by Buckingham Smith in Notes to his
Translation of the Relation of Cabeya de Vaca, p. 171: New York, 1871.
\)Bartram MSS., Z. c., p. 138. Hawkins, p. 71. Tho latter author says: "In the
center of the room, on a small rise, the :fire is made of dry cane or old pine slabs,
split :fine, and laid in a spiral circle." See also Lawson, Ca1·olina, p. 38; London,
1718. In this connection it is interesting to note that the Abenaquis, of New England, were in the habit of practicing divination by the manner in which the fire
would "run" in a carefully prepared powder made from cedar. Lafitau, vol. I, p.
387, gives an account of it, also the argument by which an Indian woman justified
the practice.
II Hawkins, Sketch of the Creek Count1·y, p. 72. Schoolcraft, Indian Tt·ibes of the
United States, vol. v, p. 265.
~ Joutel, Journal in Hist. Coll. of Louisiana, part I~ p.151.
Father Le Petit in
same, part III, note on p. 144. Nutta.ll, Tmvels in the Arlcansa Territory, p. 96.
Brinton, Myths of the New Wm·ld, p. 150: New York, 1876. Du Pratz, Lou,isiana,
vol. n, p. 189. Timeerlake, Memoirs relating to the Cherokees, p. 65: London, 1765.
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to the tribes west of the Mississippi.* He also adds, that in every case
it was attended with many ceremonies, though it does not seem to have
been celebrated anywhere north of the Ohio with the same solemnity
that it was among the nations that formerly inhabited the Gulf States, t
or, at all events, our accounts of such celebrations are not so full and
explicit. .Adair, who lived among these people for many years, and
who, aside from his notions about the identity of the Indians with the
Israelites, is usually trustworthy, describes this festival at great
length, as does Bartram, Hawkins, and others.+ From their accounts
I have made up the following summary, which may not be uninteresting: When the time for holding this festival was fixed, the people of
the village put their town in order, prepared new clothes for themselves, and then, having partaken of the "black drink,"§ they entered
upon a rigorous fast of two days, during which they abstained from
the gratification of every sensual appetite. On the morning of the
third day a supply of old food was brought to the square, all vestiges
ofwhich were removed before noon. .As the sun began to decline, the
fires were extinguished in every hut, and universal silence reigned.
The chief priest then took a piece of dry poplar, willow, or white oak,
and having cut a hole "so as not to reach through it, he sharpened
another piece, and placing that within the hole, he drilled it briRkly
for several minutes, tiU it began to smoke; or by rubbing two pieces
together for about a quarter of an hour, by friction, he collected the
hidden fire." It was then brought out of the temple in an earthen dish
and placed upon an altar that had been previously prepared in the
square. Its appearance brought joy to the hearts of the people, as it
was supposed to atone for all past crimes, except murder. .A general
amnesty was proclaimed, except for this one crime, and all malefactors
might now return to their villages in safety. A basket of new fruits
was then brought, and the fire-maker took some of each kind, and
covering them with bear's grease, he offered them up as a sacrifice to
the holy spirit of fire. He likewise consecrated the plants from which
the "black drink" was prepared, by pouriug some of the decoction
into the holy fire. The women ranged themselves around the square,
when each received a portion of the new and pure flame, with which
they kindled anew the household fires. Then they prepared, in the best
manner, the new corn and fruits, and brought them to the square,
where the people were assembled, apparelled in their new clothes and
decoratiOns. "The men having regaled themselves, the remainder
* Notes on the Iroquois, p. 85, et seq.: New York, 1846. Indian Tribes of the United
States, vol. III, p. 227. Catlin, Nm·th Amm·ican Indians, vol. I, p. 189: London, 1848.
t Schoolcraft, Indian Tribes of the United States, vol. v, p. 104.
t Adair, Histo1'y of North American Indians, argument VIII. Bartram, Travels
through Florida, pp. 509 and 510. Hawkins, Sketch of the C1·eelc Country, pp. 75, 78.
See also note 187.
\\ Maue from the Ilex Cassine L, called Cassena or Youpon.
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was carried off and distributed among the families of the village. The
women and children solaced themselves in their separate families, and
in the evening repaired to the public square, where they danced, sung,
and rejoiced during the whole night, observing a proper and exemplary
decorum; this they continued three days, and on the four following
days they received visits and rejoiced with their friends from neighboring towns, who bad all purified and prepared themselves."
There were other rites and ceremonies connecteCt. with the worship of
these tribes that might be studied to advantage; but those reported
above were the most important, and will give a very good idea of the
ritual as developed among these people. .As has been said, the religious cult seems to have reached a higher level here than it attained
elsewhere in the Mississippi Valley;* and hence, in comparing, as we
shall now do, their rights and customs with those of the tribes that
lived north of the Ohio, and belonged to the Huron and .Algonquin
families, we must expect to find among the latter a falling off in the
forms and ceremonies, rude as they undoubtedly were, that characterized the religious observances of the tribes with which we have been
dealing.
Beginning with the tribes along the south .Atlantic coast we find
that temples existed as far north as Virginia, and that the same religious customs obtained as did among the sun-worshiping nations of
the lower Mississippi, t Lawson, Capt. Smith, and Beverly speak of these
temples, or quioccosan, as tl1ey are called, as being very sacred, none
but the king conjurer and a few old men being permitted to enter them.:j:
""Tylor, P1·i-mitive C1tltu1·e, p. 288. Boston reprint, 1874.
t After descriuing the temple and religious customs of the Natchez, Lafitau, vol.
I, p. 168, Paris, 1724, says: "Quelques peuples de la Virginie et de la Floride ont
aussi des Temples et a peu pres les memes devoirs de Religion." "Sunne, Moone,
and Starre as pettie Gods." Harriot in Hakluyt's Voyages, vol. III, p. 336: London,
1810. "Adore fire, water, lightning." Capt. Smith, Virginia, p. 34: London, 1632.
"Their religion consists of adoratiOn of the sun aud moon:" Ca1·olina, by Thomas
Ash, p. 36: London, 1682. "In the morning, by break of day, before they eat or
drink, both men and women and children that be above 10 years of age, run into the
water, there wash themselves a good while, till the sun riseth, then offer sacrifice to it,
strewing tobacco on the water or land, honoring the Sun as their God; likewise they
do at the setting of the sun:" Observations in Virginia by George Percy, in Purchas
Pilyrims, vol. IV, p. 1690. "It is a generall rule of these people when they swere by
their God, which is the Sunne, no Christian will keepe their Oath better upon this
promise. These people have a great reverence to the Sunne above all other things at
the rising and setting of the same, they sit downe, lifting up their hands and eyes to
the Sunne, making a round circle on the ground with dried Tobacco; then they
begin to pray, making many Devilish gestures with a Hellish noise, foming at the
mouth," etc.: Ibid., p. 1690: London, 1625. "They give great reverence to the Sun:"
Strachey, Historie of Travaile into Virginia, in publication of the Hakluyt Society,
p. 93: London, 1849.
:j:Beverly, Histm·y of Virginia, part III, p. 28: London, 1705. Lawson, Ca1·olina,
p. 211: London, 1718. Capt. Smith, in Purchas Pil!Jrims1 vol. Iv, p. 1701; f,o,ndon,
1~~
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The last-named writer gained access to one during the temporary absence
of the guardbns, and from the account he has left of it, there can not
have been much difference between it and similar buildings among the
tribes living further to the southward. He tells us that it was used as
a receptacle for the bones of the deceased chieftains, which were done
up in much the same manner as they were in the temple of theNatchez.
It also ·contained a human figure or idol, which was variously termed
Okee, Quioccos, or Kiwasa; and I mention this fact particularly, as it
is one of the very few instances indicating the existence of idolatry
among the Indians of the United States that is entitled to any weight,
though . there are reasons why even this statement should be taken
with many grains of allowance. Round about the house, at some distance from it, were set up posts with faces carved on them and painted.*
According to Strachey, the priests who had the care of these temples
"rnainteyne a continuall fier in the same upon a hearth somewhat
neere the east end." Hariot t speaks of "sacred fires," in which
tobacco was offered as a sacrifice; and. in the plate which De Bryt
gives of this temple a fire is represented as burning on the :floor. We
are also told that these tribes "annually present their first fruits of
every season and kin<l, name1y of birds, beasts, fish, fruits, plants,
roots, and of all other things which they esteem either of profit or
pleasure to themselves; antl that they repeat these offeriiigs as frequently as they have great successes in their wars, or their fishing,
fowling, or hunting. It was ah;o their custom to offer sacrifice upon
almost every occasion. vVhen they travel or begin a long journey, they
burn tobacco instead of incense to bribe the sun to send them fair
weather and a prosperous voyage. Likewise, when they return from
war, from hunting, from fresh journeys, or the like, they offer some proportion of the spoils of their chiefest tobacco, furs, and paint, as also
the fat and choice bits of their game," § in which latter respect they did
not differ from the Creeks and Chickasaws. II
As we go towardR th e uorth the temples disappear, although traces
of the rites that were associated with them remain. We are still
among tribes belonging to the Algouq nin family, and their religious
belief is said to have resembled that of'' cognate tribes of other stocks
'' Compare La Vega, Histoi1·e cle la Ftoricle, premiere partie, p. 267 ct seq.: Paris,
1709. Charle,roix Lette1· no. xxix: London, 1763. Du Pratz, Louisiana, vol. n, p.
211: London, 1763. Father L e Petit, in Htst. Call. of Louisiana, part m, note top.
141.
t Virginia, Z. c., p. 90. Hariot in Hakluyt's Voyages, Yol. III, p. 330: London, 1810.
t Admimnda Nctrratio,plate xxii, Franckforti ad Moenum, 1590. Beverly, f'ir[Jinia,
plates xi and xii: London, 1705.
~Beverly, Virginia , book III, pp. 42 and 43.
Capt. Smith, in Purcbas Pilg1·ims,
vol. 1v, p. 1702.
II Adair, Hi sto?'!J of the North .American Indians, pp. 117- 11 8. He adds: "Formerly every hunter observed the same religious economy, l>uL now it is practiced
only by those who are most r etenth-·e of their old religious m y steries."
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and lineage,"* whatever that may mean. Amid a host of supernatural
beings or Manitous, hig and little, good and bad, they seem to have
recognized Micbabou or Atahocan, the great hare, as the chief.t According to Schoolcraft, they "located him in the sun or moon, or indefinite skies. In their pictorial scrolls they painted the sun as a
man's head surrounded with rays, and appeared to confound the symbol with the substance. They attributed light and life, vitality and
intelligence, the world over, alike to Monedo and to Gezis, the sun." t
Of the religious rites of these tribes, our accounts, though not so
full and explicit as might be desired, are still sufficiently so to indicate
most clearly the existence of the same form of worship as that which
prevailed among the tribes of Virginia and Florida. The Chippewas,§
as we have seen, kept up the eternal fire until comparatively recent
times. They said they had received the institution from the Shawnees,
and this is probable, as that tribe, although belonging linguistically
to the Algonquin family, was more or less closely connected vdth the
Creeks, Natchez, and other sun-worshiping tribes of the South, II and
must perforce have been familiar with, if not a sharer in, their religious
*Schoolcraft, Indian T1'ibes, vol. v, p. 402. Hariot, A. D. 1586, speaking of the
Virginia Indians, says: 11 They believe in many gods and in one chief God, who is
eternal and the creator of the world. After this he created an order of inferior gods
to carry out his government, a,mong whom ·were the sun, moon, and stars. The
waters were then made, out of which by the gods came all living creatures. He
next created a woman, who, by the 'working' of one of t.he gods, brought forth
children, and 'in such sort they had their beginning.' They thought the gods were
all of human shape, and so represented t,hem in their temples "·hero they 'worship,
sing, pray, and make many times offering unto them. They lJelicved in the immortality of the soul, which was destined to future happiness in heaven, or to inhabit
Popogusso, a pit or place of torment:"' Hakluyt, Voyages, vol. III, p. 336: London,
1810. This account is so evidently colored by Christian ideas that it is almost
worthless for purposes of comparison, and the same may lJe said of Du Pratz's statement of the religious belief of the Natchez, in which the interpolations are eyen
more marked. For obvious reasons, the study of the religious beliefs of the aborigines is attended with many difficulties, though I am inclined to think that Parkman is not far wrong when he asserts tltat uthe primitive Indian yielding his nntutoretl homage to One All-pervading and Omnipotent Spirit is a dream of poets,
rhetoricians, and sentimentalists:" Jeswits in _1V orth America, p. lxxxix of the lEeface : Bostou, 1867.
t Charlevoix, Lettm·s, p. 248. La Potherie, Historic ile l' Amerique, Yol. n, p. 3:
Paris, 1753.
t Schoolcraft, Indian T1·ibes, vol. v, p. 402.
~See ante, foot-note on p. 537.
"Vestiges of the former prevalence of tiro worship
exist over immense spaces, and its rites arc founcl to lie at tho foundation of the
ab.origiual religion throughout the geographical area of the United States. In one
of the I:r;tdian traditions the preservation of a sacred fire is carried to the banks of
Lake Superior:" Schoolcraft, Indian Tribes, Yol. v, p. 64.
II At·ehcwlog·ia Americana, YOL I, p. 273. Adair, Hist. North Limaican Indians, p. 410.
Hawkins, Sketch of the Creek Country, pp. 16-18. Lawson, Ca1·olina, p. 171. Charlevoix, Nonvelle France, vol. I, p. 40: Paris, 1744. Historical Collections of Louisiana
and Florida, new series, p. 126: New York, 186a. 1\Iilfort, Memoi-rs 870' le Creek, p.
283: Paris, 1802. Schoolcraft, Iruz.ian Tdbes, vol. v, p. 260.
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observances. Indeed, the "ceremony of thanksgiving for the first
fruits of the earth," as observed among the Shawnees, attended as it
was by a general amnesty for all crimes except murder, and also the
custom of "suspending the head, horns, and entrails of the animals
killed for the sacrifice on a large white pole, with a forked top, which
extends over the house,"* are so similar to the same rites as practiced,
respectively, among the Creeks t and the Indians of the Floridian Pen.
insula t as to leave· no doubt upon this point, even if we bad not positive assurance from other quarters that they looked upon the sun as
the Great Spirit, for the reason that he "animates everything, and
is, therefore, clearly the master of life."§ Tlw Delawares were closely
connected with the Sl1awnees, and appear to have had many of the
sap1e religions ceremonies. They offered sacrifices of tobacco to the
sun, II and had a festival in honor of fire, which (Lieut. Whipple, in
vol. III, p. 20, of the Explorations of a Railroad to the Pacific) "they
renew once a year." They also, according to Vander Donck, swore by
the sun, saying: "that he sees all. They regard him and the moon
as being better than all the Christian gods, for they warm the earth
and cause the fruits to grow."~
Amm1g the New England Indians tlw same form of worship prevailed. Roger Williams and others tell us that they worshiped the
sun for a god,** and had a festival at harvest time. tt This is confirmed
by Cotton Mather so far as relates to the worship of the sun aud moon,
and he adds that they believe that every rPmarkal>le creature has a
peculiar god within it or about it.tt In the famous Dighton rock inscription which stands in the country once held by tbe Wampanoags the
symbol of the sun was discovered by Chingwauk, the Algonquin Meda,§§
and in this same region lived the NarragansettH, who, according to
"A1·chceologia Auwricana, vol. I, p. 286.
t See above, note t, on page 543; and Lafitan, vol. I, p. 180.
tLe Moyne, in De Bry, pl. xxxv. Franckforti ad Moeuum, 1591.
~Gregg, Cornnterce of the Pmiries, vol. II, p. 237: New York, 1845.
IILoskiel, Histol'y of the Mission of the Unitecl B1·ethren a·rnong the Indians of North
America, pp. 41 at:d 43: London, 1794.
~In Collections New Ym·lc Hist. Soc., new series, vol. I, pp. 213-14.
Compare Doc.
Hist. of New Yorlc, vol. nr, p. 22.
""Williams's Key, pp. 39-77-110. "Some for their God adore the sun:" Gookin, in
Coll. Mass. Hist. Soc., first series, vol. I, p. 154. 11 Devotion to the principles of sunworship - - - spread to the prominent peaks of the Monadnock and to the waters
of the Narragansett:" Schoolcraft, Indian Tribes, vol. v, p. 104. "Ils croyeut un
Dieu, ce disent ils: mais il ne scauent le nommer qne dn nom du soleil,
quand ils etoicnt ennecessite, il prenoit sa robe sacrce, et se tournant vers !'Orient
disait: N ostre soleil, on nostre Dieu donue-nous a manger:" Relation des .Tesuites,
A. D 1611-1522, vol. I, p. 20: Quebec, 1858. Indians of Martha's Vineyard "begged
of the sun and moon - - - to send them the desired favor:" Mass. Hist. Coll.,
first series, vol. I, p. 140.
tt Williams's Key, p. 111.
tt Magnalia, vol. I, p. 505; Hartford, 1820.
§~Schoolcraft, Indian 11·ibes, vol. v, p. 64.
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Winslow, ''had a great spacious house, wherein only some few (that
are, as we may term them, priests) come; thither at certain known times
resort all their people, and offer all the riches they have to their gods,
as kettles, skins, hatchets, beads, knives, etc., aU of which are cast by
the priests into a great fire that they make in the midst of the house
and there consumed to ashes. To this offering every man brought
freely, and the more he is known to bring, bath the better esteem of
all men. This the other Indians about us approve of as good, and
with their sachems would appoint the like."* Farther to the east the
Souriquois, as we are told by Father Sagard,t bad the same form of
worship.
In the Northwest, the sun and thunder were the god~ of the tribes
that lived around Green Bay, and in all that region out of which were
subsequently formed the States of Wisconsin and Illinois.+ When the
Illinois came to meet Marquette on the occasion of his voyage-the
first ever made by a white man-down that portion of the Mississippi,
they marched slowly, lifting their pipes to the sun, as if offering them
to him to smoke. They also make a similar offering to l1im when they
wish to obtain calm, or rain, or fair weather.§ .Among the Ottawas, of
Michigan, prayers were offered to the sun, and tobacco was burned as
a sacrifice to the same deity.ll Indeed, the use of tobacco as au offering
* Purchas Pilgrims, vol. IV, p. 1868: London, 1625.
t Voyages cles Htwons, p. 226: Pans, 1632. "Soleil qui i1::; ont adore et '1 ui a toujom·s etc l' obj ect constant de leur cnlte, de lenrs hommages et de leur adoration:"
Nouvelle Relation de la Gaspe::;ie, p. 166: Pari::;, 1691. "Ils appellent le Soleil
Jesus. - - - De la vieut qnc quancl nons faisons Iios priere il leur semble que
comme eux nous addressons nos pricre au soleil :" Relation ile la l'lonvelle Pmnce
en l' annie 1626, p. 4: Quebec, 1858.
+Father Marquette, in Relation, 1670, p. 90. Charlevoix, Letfe1·s, p. 210: London, 1763. ''Some of the savages will confess - - - that the Snn is God:'' Hennepin, Voyage into ct Newly Discovered Cowntry, p. 65: London, 169R. Father Marquette, in Discove1·y and Exploration of the Mississippi, p. :)J.
§Relation ofFat,her Marquette (A. D. 1678), l. c., pp. 21-22-35: New York, 1852. The
Sioux, though belonging to a different linguistic family, and living on the other side of
the Mississippi, had similar customs. According to Hennepin, who is notal ways good
authority, lmt who may, I think, be followed in this instance, "they offer also to
the Sun the best Part of t)le Beast they kill; - - - also the first Smoak of their
Calumets, - - - which makes me believe they have a religious veneration for the
Sun: n New Discovered Count1·y, etc., vol. I, p. HO: London, 1698. Cowparc on
this point Schoolcraft, Inclian Tribes, vol. III, pp. 226-7, and Nuttall, .J1·kansa Ter1·it01·y, p. 276: Philadelphia, 1821.
II Un viellarcl des plus considerables <le la Bonrgade fa,it fonc1-ion <le Pretre; il commence par unc Harangue ctuclife qu' il adclres::;e au Soleil; - - - il declare tout
hant qu 'il fait ses xemerciemens a cet astre, de ce qu 'ile a eclair 1' pour tuer heurensement quelque bete: ille prie et l' exhorte par cc festin a lui continuer les soins charitables qu 'il a de sa famille. Pendant cette invocation, tousles con vies mangcnt Jnsqu'
au dernier morceau: apreH qnoi llll lwmme de:stinc a ceb pnmcltm pain de Petun, lc
roiDpt en deux et le jette !lans le fen. Tout le lllomlc erie pendant que lc petun se
'·onsuruc, et que ]a fnmec monte en hant: (It a vee ces elamcurs ternfine le sacrifice: ''
Lafitan, ,·ol. II, p. 134. "Sacriflc~ to the Sun:" LaHontan, vol. n, p. 32. Relation
en l' a 11111:e 1 U61, pp. 7, 11: Que Lee, 1858.
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seems to have been universal amoug tlJt' Ameriean Indians. Charlevoix* aud Lafitau t both speak of the practice a:-; bebtg· general, awl
their statements are confirmed by writers who have left us accounts of
the rites and ceremonies as practiced by the different tribes. Thus
Hariot, who wrote in the latter part of the sixteenth century, tells us
that this plant was held in such esteem by the rudians of Virginia that
they imagined that their gods were pleased when it was offered to
them. It was for this reason that fi'om time to time they built sacred
fires, on which they burned this plant as a sacrifice. He also adds, that
when they are surprised by a tempest they scatter it npon the water or
throw it up in the air; and they also put it in their ne:wnets in order to
insure success in :fi.shing.t There was also Homething of a religious
character in the practice common among all the Indian tribes of the
United States of smoking the calumet as a preliminary to any treaty, or
bargain, or agreement of any kind. According to Charlevoix the Indians
claimed to have ''received the calumet from the Panis, to whom it had
been given by the sun, and they held it, so sacred that there was probably no instance of an agreement made in this manner that was ever
violated. They believed that the Great Spi:r:it would not leave such a
breach of faith unpunished.
In trade, when au exchange bas
been agreed upon, a calumet is smoked in order to bind the bargain,
and this makes it in some manner sa~red.
There is no reason
to doubt that the Indians, in making those smoke the calumet with
whom they wish to trade or treat, intend to call upon the sun as a witness and in some fashion as a guarantee of their treaties, for they never
fail," so the old chronicler tells us, "to blow the smoke toward that
star."§
*"They make to all these Spirits different sorts of offerings, which you may call,
if you please, sacrifices. They throw into the Rivers and the lakes Pet1trn, Tobacco,
or birds that have had their throats cut, to render the God of the waters propitious
to them. In honor of the Sun, and sometimes also of the Inferior Spirits, they throw
into the Fire Part of every Thing they use, and which they acknowledge to hold
from them. It is sometimes out of Gratitude, but oftener through Interest:" Lettm·s
p. 252.
t "II est certain que le Tabac est en Amerique une her be consacre a plusieurs exercic~s, et a plusienrs usages de la Religion:" Moem·s des Sctw·ages Amm"iquains,
vol. n, p. 133, et seq., also vol. r, p. 179. Schoolcraft, vol. vr, note to p. 109, says:
''The Nicotiana was ~oked aucl offered as incense to the Great Spirit by all the
northern tribes."
t Haklnyt, Voyages, vol. nr, p. 330: London, 1810. Compare Champlain, p. 208:
Paris, 1632. Sagard, loyage cles Hunms, vol. r, p. 151: Paris, 1865. Bartram, p.
479. Relation en l' annee 1637, pp. 108-144.
~Charlevoix, Letters, pp. 133, et seq.: London, 1763. Bartram, in his MSS. quoted
in Serpent Symbol, p. 69: New York, 1851, sayr,; of the CTeeks: "They pay a kind of
homage to the Sun, Moon, and Planets. - - - 'rhey seem particularly to reverence
the Sun as the symbol of the Power and Beneficence of the Great Spirit, aud as his minister. Thus at treaties they first puff or hlow the smoke from the gTeat pipe or calumet towards that luminary; and they look up to it with great revel'ence and earnestness when they confirm their talks or speeches in council as a witness of their

550

THE MOUNDS OF THE MISSIS',IPPI VALLEY.

If now we turn to the tribes of the Huron-Iroquois stock, we shall
find that the sun was not less an object of worship. In the Relation of
1648 we are told that they invoked him as a judge of their sincerity,
who saw into the depth of all hearts, and who 'vould punish the pertidy of those who broke their faith, or failed to keep their word. Lafitau
states positively that Areskoui and Agreskoue (the difference is said to
be linguistic), the war god of the Hurons and the Iroquois, was but
another name for the sun, ''who was their Divinity as he was that of
all the Americans."* La Hontan confirms the fact of their worship of
this luminary, and says that, when'' asked why they adore God in the
sun rather than in a tree or a mountain," their answer is that they
choose to admire the Deity in public, pointing to the most glorious
thing that nature affords,t According to Lafitaut they had no temples, and did not keep up a perpetual fire; at least there was not a vestige left of any such building in his time, and no mention of any such
institution in any of the'' Relations" of the Jesuit Fathers. This however can hardly be considered decisive of the point, since we are given
to understand that these tribes had lost many of their religious customs;§ and in this very connection are assured that the fire on their
hearths took the place of an altar, and that as was the case among the
Creeks aud Cherokees, their "council houses served them as temples." II
Bearing upon this point, and as an evidence of the identity of the
religious rites and ceremonies everywhere prevalent, we may note that
once a year they were accustomed to put out all the fires of the tribe
and to rekindle them with fire supplied by the priests, ~1 as was the
case among the Southern tribes. Morgan it is true does not mention
this custom in llis account of the Iroquois festivals, but he describes
the practice of "stirring the ashes on the hearth," which took place at
their New Year's Jubilee,** and it is possible that there may have been
some connection between the two.
Among their sacrifices there were some that seem to have been peculiar to the northern nations. Thus, for instance, although the dog
was a favorite article of food among the tribes botll north and south of
the Ohio, and was not unfreqnently offered as a sacrifice, yet I do not
find that anywhere else tbey ''hung him up alive on a tree by the hind
feet and let him die there raving mad."tt They we1~ in the habit of excontracts." "Osages smoke to God or to the Snn :" Nutta]], Arkansa Te1'r-itm·y, p.
95: Philadelphia, 1821.
_
"Moettrs des Sanvages Amm·iquains, vol. I, p. 132-206: Paris, 1724.
t La Hontun, Voyages vol. n, pp. 22 and 33: London, 1703.
tLa,fitau, vol. I, p. 165.
§Ibid., vol. I, pp. 282-341.
lllbid., vol. I, p. 167.
~Schoolcraft, Notes on the I1·oquois, p. 85: New York, 1846.
**Morgan, League of the Iroquois, p. 207, et seq.: Rochester.
tt Latitan, vol. I, p. 180, says that this custom prevailed among the Montagnais and
other Algonquin tribes to the north, but Charlevoix makes no such distinction. He
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posing, on the tops of their cabins, string::; and necklaces of beads,
bunches of corn, and even animals, which they consecrated to the sun.*
They also made burnt offerings to the same diviuity of corn, of animals
taken in the chase, and of tobacco or other plants that served them in
its place, t in much the same manner as was done among the tribes belonging to the Algonquin and Appalachian families. In their war sacrifices the Iroquois take "the leg of a deer or bear, or some other wild
beast, rub it with fat, and then throw it on the fire, praying the sun to
accept the offering, to light their paths, to lead them and give them the
victory over their enemies, to make the corn of their fields to grow, to
give them a successful hunt or fisb."t They also had their annual festivals, among which that of the green corn was one of the most important. It was celebrated when the corn became fit for use, usually lasted
several days, and was the counterpart of the feast of the Busk, as observed among the Indians of the Gulf States. Morgan paints, with a
loving hand, the simple ceremonies with which the Iroquois of later
times were wont annually at this festival, to return thanks to the
Great Spirit for his bounty, and to solicit a continuance of his favor
and protection. It was at this time that they offered a sacrifice of
tobacco, believing that they could communicate with him through its
incense;§ and in their prayers they returned thanks "to our mother,
the earth, which sustains us;
to the corn, and to her sisters,
the beans, and the squashes, which give us life;
- to the sun,
that he looked upon the earth with a benificent eye, and lastly to the
Great Spirit, in whom is embodied all goodness, and who directs all
tbings for the good of hh; children." II
Thus far we have been considering the religious rites and customs of
the different tribes of Indians that occupied the eastern portion of the
Mississippi Valley, and we have seen that there was a general sameness pervading them, and that all grew out of, or were connected with,
the worship of the sun. if now we turn from this theme and examine
into their myths, we shall find that, tJwugh the pa,t h be different, yet
it leads to the same result.
Accepting the Natchez as a type of the group of Southeru tribes, we
are told that, ages ago, a child of the sun, who saw and pitied their
disorganized condition, came down with his wife for the purpose of establishing order and instituting religious rites and ceremonies among
them. He gave them certain precepts-political as well as religiousasserts it of all the Indians of Canada. See Lettm·, p. 252. Compare League of the
I1'oqnois, pp. 207 et seq., and McKenzie, Hist01·y of Ji'u1· l''rade, quoted in p. 1~1 of Serpent Syrnbol.
* Charlevoix, Letters, p. 252. Lafitau, vo1. I, p. 180.
t Lafitau, vol. I, p. 179.
t Ibid., vol. I, pp. 208,209: Paris, 1724.
§ Leugue of the I1·oquois, pp. 198, 217: Rochester, 1851.
II Ibid., p. 203, 204.
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for their better government; and having conducted them into a better
]and, he became at last, after much solicitation, their sovereign. It
was through him that the Natchez claimed their descent from the sun,
and from him they took the official title of their chief. This is the
myth as told by Du Pratz,* and though, unfortunately, the religious
precepts which are said to have been inculcated bear a most suspieious,
and, under the circumstances, absurd likeuess to the Ten Commandments, yet it is possible that the rest of the story may be genuine.
Among the AlgonqlJ.in tribes we are on firmer ground. Here we
have the old story of" the conflict between light and darkness, in which
the former, personified under the name of Michabo, is the conqueror.
He is the giver of light and life, the creator and preserver,
and in origin and deeds he is the not unworthy personification of the
purest conception they possessed of the Father of All. To him, at
early dawn, the Indian stretched forth his hands in prayer; and totlle
sky or the sun as his home"t or, it may be added, as his representative,
or as this deity himself, he offered the first whiff of his morning pipe.
Among the Huron-Iroquois we find the same myth, though under
different names. vVith tllem the contest was between Ioskeha and
Tawiscara, names which, according to Brinton, signify, in the Oneida
dialect, the White one and the Dark one. ''They were twins, born of
a virgin mother, who died in giving them life. Their grandmother was
the moon, called by the Hurons Ataensic.
The brothers quarreled, and finally came to blows, the former using the horns of a stag
and the latter the wild rose. He of tlw weaker weapon was very naturally discomfited and surely wounded. Fleeing for his life, the blood
gushed from him at everj' step, and turned into flint stones. The victor returned to his grandmother, and established his lodge in the far
east, on the borders of the great ocean whence the sun comes. In time
he became the father of mankind~ and the special guardian of the Iroquois. The earth was at :first arid and sterile, but he destroyed the
gigantie frog which had swallowed the waters, and guided the torrents
into smooth streams and lakes. The woods be stocked with game; and
having learned from the tortoise how to make fire, he taught his children, the Indians, this indispensable a1·t." t "Without his aid," says
Father Breboeuf, "they <lid not think their pots would uoil.
He it was who gave them the corn which they ate, and who made it
grow and ripen; if their fields were green in the spring-time, if they
*History of Louisiana, vol. II, p. 175 et seq., and London, 1763.
t Brinton, Myths of the New 1V01·ld, p. 183: New York, 1876. Compare Schoolcraft,
Indian Tribes, vol. v, pp. 402-417. Relation cle la Nou1:clle France en 7' annee 1G331634, pp. 16 and 13 respectively: Quebec, 1858. Latitau, vol. I, pp. 126-145: PariA,
1724. La Potherie, vol. u, chapter i: Paris 1753.
tThus far I have copied Brinton; Mytl1s of the New World, p. 183, who baR followed Father Breboeuf, Relat·ion de la Nouvelle F1·ancc en l' annee, 1636, seconde
partie, chap. i: Quebec, 1858. In what follows I prefer to stick to the text of the
old Father.
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gathered plentiful harvests, and their cabins overflowed with grain,
they owed thanks to no one save Ioskeha,"'x' the sun.t
This completes our brief examination into the religious belief and customs of the American Indians living east of the Mississippi and south
of the Great Lakes. In it we have glanced rapidly at their myths and
their beliefs, and tlle rites and ceremonies to which these gave rise,
and we have found that each line of investigation led to one and the
same result. In Yiew then of this uniformity, and of the overwhelming area of direct evidence that has been offered on the point, I do not
think it is overstepping the bounds of moderation to claim, with the
old chronicler, that within the limits 1mmed, "the American Indians,
so far as known, without the exception of a single tribe, worshipped the
sun."t
III.-THE INDIANS l...S MOUND-BUILDERS.

Thus far in the course of this investigation my position has been
rather a negative one. It is true that an effort bas been made to show,
and it is believed with some measure of success, that the red Indian of
historic times was both an agriculturist and a worshiper of the sun,
and that hence, even according to the admission of those who hold a
contrary opinion, there are no reasons, ct priori, -..vhy he could not have
erected these works. This is nnqnestionably a step in the right direction; and with this point gained, 1 might well afford to rest the argument. It would not however be by any means decisive of the question as to the origin of these structures, since the fact that an Indian
might have built them doe~ not justify us in concluding that he actually did do so. To fill up as far as possible the gap that separates
the ability to do a certain piece of work from its actual performance, it
will be necessary in this case to abandon the seemingly negative position hitherto occupied, and to inquire whether there is any evidence
that the Indian has at any time constructed works of the same character, though perhaps not of the same size as the largest of those found
in the Ohio VaHey. If it can be shown that he has done so it is believed that it will justify us in ascribing all these structures to his
agency, for the rea&on that these mouud centers, with scarcely a single
--

·-------

Ils tiennent a;nssi que sans Ions7.:e71((.1enr chaudiere ne pourroit bonillir, - - a lcs entendre, c' est Ionskeha qui leur donne le bled q~' ils mangeut, c' est luy qui le
fait crostre et le conduit a maturite; s' ils voyent leurs campagues Yerdoyantcs au
Printemps, s' ils recueillent de belles et plantureuscs moissons, et si leurs cal>anes
regorgent d' espies, ils n'eu ont l'obligati6n qu'a Ionskcha:" Relatio11 de la Nonvelle France en 1' a.nnee 1636, p. 103: Quebec, 1858.
t 11 Mais pour retourner a Aataentsic et Iouskelw, ils tiennent que louslceha est le
Soleil, et Aataentsic la Lune, et toute-fois leur cabane est situec an bout de la terre:"
Relati,on, 1636, p. 102: Quebec, 1858.
t "Le Soleil est la Divinite des Peuples del' Amerique, sans en excepter aucun de
ceux qui nons sont connus :" Lafitau, Moet£1'8 des Sauvages Arnedquains, vol. 1, p,
130: Paris, 1724.
«· u
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exception, can be proven to have been at some time the seats of moundbuilding Indians, and because never, so far as we know, have they
been held even temporarily by any other race of people previous to the
arrival of the whites.
In pursuing this branch of our inquiry the only method open to us
is to proceed by comparison. For obvious reasons we can never kno:w
the particular individuals by whom these works were erected, nor ea,n
we, except in a few cases, even hope to do more than approximate the
time when they were built. All that can be accomplished in the present state of our knowledge is to show by a comparison of these remains with similar works that are known to have been erected by the
modern Indians that there are no such differences between them as
would authorize the inference that they were built by <lifferent peoples, or by the same people in different stages of civilization.
To institute a comparison of this character seems like a very simple.
matter, audit ·w ould be so if there were any way of establishing a hard
and fast line of demarcation between the works of the Indians and those
of the so-called mound-builders. Unfortunately however or perhaps
it might be more correct for me to say fortunately, nothing of the kind
can be clone; for though, as a matter of fact, the mounds and earthworks of the Mississippi Valley do vary indefinitely in size, shape, location, grouping, and possibly in many other respects, yet these are all
differences of degree and not of kind; and however great the distance
between the extremes in any one of these particulars, it is not of such
a radical character as to indicate a difference in the civilization of the
people who constructed the \Yorks. Given time and an indefinite supply of laborers, and there is no reason why the people who built one
might not have built any and all of them. The simple manual labor
necessary to thGir construction was essentially the same in eyery case,
the only quest,i on being as to the amount. That this is so is evident
from the fact tlut,t when considered solely with reference to the kind
/ and amount of this labor, these works are found to grade into each
other by such imperceptible stages that admitting them to have been
erected by different peoples, it is impossible to s~ where the work of
one ended and that of the other began. This statement bas I know
met with more or less opposition, and it is quite likely that in the
future, as in the past, we sl1all be told of the existence of some line of
demar~ation between them, though it js possible that tbe attempt to
:fix and define it will not meet with any better success than has crowned
former efforts in the same direction. Size, shape, and probable nse
have at different times been thought to furnish a key to the mystery;
and either singly or together they are still occasionally made to do
duty in this capacity; but with all due deference to those who so pertinaeiously seek for differences where none exist, it may be said, without
fear of successful contradiction, that thus far not one of these so-called
distinguishing features has been able to stand the test of intelligent
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criticism; and that to-day it looks very much as if it would be necessary to faU back upon what a recent writer terms "indefinable marks"
and'' resemblances that cannot be described," in order to find a foundation for the theory of a difference in the character of these works,
and consequently in the civilization of the people who built them.
Indeed, the advocates of this theory do not agree among themselves as
to where this line should be drawn; and from the very nature of the
case it maywell be doubted whether it is possible for them ever to attain
any very great degree of harmony. The mound-builders are at best
a mythical people, who owe even their imaginary existence to the necessity of accounting for a state of affairs that is in great part assumed;
and of course any standard by which to judge the works they are supposed to have executed must vary with the fancy of the writer or the
exigencies of the argument. But even if this were not the case, and
there were no subjective obstacles in the way of uniformity of opinion
upon this vital point, it would still be impossible to establish any test
or standard, for the reason that, except in the fact that a large majority of the mounds and embankments " are made of earth simply heaped
up, with little or no care in the choice of material, and none at all in
the order of deposit,"* there are no two of them that are alike; and
without the presence of some conformation that is at least constant,
it is of course idle to speak of a type or standard.
To make this point clearer; let us glance at these remains as they
have come down to us, and putting aside, as far as possible, all theories
and speculations as to their origin and use, let us question them as to
the civilization of which they are the silent witnesses. To this end, it
will be advisable to discard, as far as may be consistent with clearness,
tlle descriptive nomenclature that has been used in the classification
of these works, and to adopt one that will be less productive of false
and erroneous ideas as to the object or purpose for which many of them
were intended. As an instance of the errors arising from this source,
take the term" sacred inclosure," which has been applied to ·a class of
works that is usually found upon the broad aud level river terraces,
and is composed of mounds and embankments or inclosures, sometimes
standing alone, but more frequently grouped together in a more or less
complicated manner. This term has been long in use, and by a sort of
prescriptive right is sometimes r-egarded as describing accurately the
character of the works to which it has been applied, when in point of
fact it does nothing of the kind. A few of these inclosures may possibly owe their origin to a religious sentiment, but of the large majority
of them it may be safely said, in view of recent investigations, that they
were simply fortified villages. Self-protection was the primary object
of the people who lived behind these walls, and except in the single
fact that some of the truncated mounds occasionally found associated
*Bancroft, Native Races of the Pacific States, vol. rv, p. 766: New York, 1875.
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with them may have been the sites of rude mud temples, there is not a
particle of evidence to show that they had anything to do with any religious rite or custom whatsoever. Indeed, if it be admitted that the
mound-builder belonged to a race separate and distinct from the Indian, it can not be conclusively shown that he had any religion at all.
·what little evidence there is bearing upon the point is drawn from
analogy, and singularly enough is based upon the fact that the Indians
of the Southern States, from Florida to Missouri, erected just such
mounds as sltes for their temples.* Unfortunately however for the
analogy, these same Indians were in the habit of placing the cabins of
their chiefs upon precisely similar mounds, which were also built especially for the purpose. t This fact alone is sufficient to invalidate any
conclusion as to the religious character of these structures; and of
course any inference as to the object or purpose of the inclosures in
which they are sometimes found, based upon this conclusion, must fall
with it. But even if these works were all that is claimed for them, it
j s difficult to understand how this fact could be construed into an argument in favor of the theory that these truncated mounds, which are
everywhere identical in form and in the probable uses for which they
were intended, could have been the work of two different peoples, or
of the same people in different 8tages of civilization, though its importance as a link in the chain of evidence that points to the identity
of the Southern Indians with the mound;builders is at once apparent.
Returning from this long digression, and bearing in mind the caution
as to the misleading character of the terms used in these investigations,
let us resume the thread of our inquiry, and divesting these remains of
the glamour that attaches to them as the work of an extinct people, let
us endeavor to see them as they are, and to interpret as far as may be
the story they have to tell.
Speaking in a general way, the Mississippi Valley system of earthworks may be said to embrace all that region that lies between the
Great Lakes on the north and the Gulf of Mexico on the south, and to
be bounded on the west by the tier of States that lines the western
bank of the Mississippi, and on the east by a line drawn through the
middle of the States of New York, Pennsylvania, and Virginia, and
extending southwardly so as to include the greater part of the two
Carolinas and the whole of Georgia and Florida. It is true that similar works are found outside of these limits, but for my present purposes
it will not be necessary, except in one or two instances, to travel beyond
the bounds here prescribed. Throughout the whole of this region these
remains are more or less abundant, though different forms of mound~o~
*See ante, note § on p. 540.
t Biedma and Knight of Elvas, in Hist. Coll. of Louisiana, part n, pp. 105 and 123:
La Vega, Conquete de la Floride, pp. 136 and 294: Ala, Hayc, 1735. Herrera, vol. vr,
pp. 5 and 6: Lon<lon, 174-0. La Harpe and Le Petit, in Hist. Coll. of Louisiana, part
nr, pp. 106 and note to p. 142. Du Pratz, History of Loui:;iana, vol. n, p. 188: London, 1763.
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and earthworks seem to prevail in different sections, as, for instance,
the animal mounds in Wisconsin, the inclosures in Ohio, and the truncated mounds in the States farther to the south. All kinds however
are represented in the Ohio Valley, and it is probably safe to say that,
within that basin, they are more numerous, of larger size, and more
complicated patterns than can be found elsewhere in the United States.
Taken as a whole, they may be roughly divided into two grand divisions-mounds and enbankmeuts,-and these can again be sub-divided
into numerous groups. Begilming with the embankments or inclosures,
we find that they are generally of earth-rarely of stone,-aud that they
are situated on tho level river terraces, or else occupy the tops of hills
or other naturally strong positions. According to their situation, they
have been divided into works of defense and sacred inclosures, or as I
prefer to call them, hill-forts and fortified villages The former of these
almost always followed the outlines of the hill, and are hence more or
less irregular in shape. In some of tllem the "\Yhole top of the hill is
inclosed by a wall, whilst in others only the more exposed points are
so defended. The fortified villages are usually found on a level plainone of the river benches or terraces being generally selected. They are
of various sizes and shapes, though the square and circle predominate,
and are often found united in a :-:;eemingly arbitrary manner. The
height of the wall around the inclosure, measnred from the bottom of
the ditch that usually accompanies it, varies from a few feet up to 30.
In many instances it is now~ and mnst always have been, too insignificant to offer any serious obstacle to an attacking force; and this has
given rise to the suggestion that these embankments were formerly
surmounted by stockades, as was the case with the villages of the recent
Indians. Without stopping now to inquire into the probability of this
explanation, it is sufficient to say that there cannot be the slighest
doubt as to its truth in _!:egard to some of them. Brackenridge?:, states
the fact positively, and Atwater tells us that half-way up, on the outside of the inner wall that surrounded the circle, or as he calls it the
"round fort," which formed a part of the large aud complicated series
of works that once occupied the site of the present town of Circleville,
Ohio, "there is a place distinctly to be seen where a row of pickets
once stood, and where it was placed when this work of defense was
originally erected." t Iu point of size these workR varied greatly.
Some of the smaller circles-probably the ruins of mud lodges or tern* Views of Loltisicmct, pp. 21 au(l182-3: Pittsburg, 1814.
t .AI"chceolog'ia Antel"icana, vol. I, p. 145: \Vorcester, Mass., 1820. As these works
will be referred to hereafter, I achl a description from the same book, pp. 141-2:
"There arc two forts which arejoinetl together, one ueiug an exact circle. the other
an exact square. The former is surrounded by two walls, with a deep ditch he tween
them. The latLcr is cncompassctl with one wall, without any ditch. The former
was 69 rods ju dhtmeter, measuring from outside to out::;ide of the circular outer
wall; tho latter js exactly 55 rods square measuring the same way. The walls of t.he
circular fort were at least 20 feet in height, measuring from the bottom of the diLch,
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pies similar to those described as having existed among the Southern
Indians,* and which may still be seen among some of the tribes of the
Upper Missouri t-are not more than 50 feet in diameter, whilst the
groups, or series of work~ in which the different forms are united, not
unfrequently covered hundreds of acres, or, as was the case with the
works at Newark, Ohio, were scatt'e red about over an area of 2 miles
square. t
The situation of the ditch with reference to the wall was a matter in
which there was but little if any uniformity, it being sometimes on one
side of the wall and sometimes on the other. At one time this feature
was thought to furnish a criterion by which to judge the character of
the work, and Mr. Squier quotes approvingly English authorities to the
effect ''that the circumstance of the ditch being within the vallum is a
distinguishing mark between religious and military works."§ This position however does not hold good with regard to earth-works in tlle
United States, since it is matter of record that in some of the stockaded
forts of the recent Indians the ditch was on the inside of the wall,
whilst in others there was a ditch on each side. II Indeed, when we conbefore the town of Circleville was built. The inner wall was of clay, taken up
probably in the northern part of the fort where was a low place, and is still considerably lower than any other part of the work. The outside wall was taken from
the ditch which is between these walls, and is alluvial, consisting of pebbles worn
smooth in water, and sand, to a very considerable depth, more than 50 feet at least.
The outside of the walls is about 5 or 6 feet in height now; on the inside, the ditch
is, at present, generally not more than 15 feet. They are disappearing before ns
daily, aml will soon be gone. The walls of the square fort are, at this time, where
left standing, abont 10 feet in height. There are eight gateways or openings leading into the square fort, and only one into the circular fort. Before each of these
openings was a mound of ea,rth perhaps 4 feet high, 40 feet perhaps in diameter at
the base, and 20 or upwards at the summit. These mounds for 2 rods or more are
exactly in front of the gateways, and were intended for the defense of these openings."
* J outel, in Hist. Call. of Louisiana, part r, p. 148. Among the Alachua (Floridian)
Indians, we are told by Bartram that u their dwellings stand near the middle of a
square yard, encompassed by a low bank, formccl with the earth taken out of the
yard, which is always carefully swept:" Travels through Floridn, p. 192.
t Catlin, Not·th Amm·icnn Indians, vol. I, p. 81: London, 1848. In the Peabody
Museum of American Archffiology and Ethnology at Cambridge, Mass., there is a
model of one of these mud lodges, such as is now in use among the Omahas.
t Ancient Monuments of the Mississippi Valley, p. 67.
~Ibid., chap. III, note top. 47.
II Charlevoix, HistoiTe de la Notwelle Fm11ce, vol. IV, p. 156: Paris, 1744. Schoolcraft, Tmvels in the Mississippi Valley, p. 129. Catlin, North Amm·ican Indians,
vol. I, p. 81: London, 1848. In the town of Medford, Mass., near Mystic Pond, there
was a uFort built by their deceased King, in manner thus: There were pools some
tbirtie or fortie foote long, stncke in the ground as thicke as thf-y could be set one
by another, and with these they enclosed a ring some forty or :fifty foote over. A
trench breast high was diggecl on each side; one way there was to goe into it with
a bridge; in the midst of this Pallizaclo stood the frame of a house wherein l>eing
dead he lay buried. A myle from hence we came to such another/' etc.: Mourt's Relation, p. 126; Boston, 1865.
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sider the nature of the position to be defended, and bear in mind the
effective use of rifle pits in modern warfare, it may well be doubted
·whether the inside is not, under certain conditions, the proper place
for it.
In the material of which they were made these embankments varied
but little. As has been well said by H. H. Bancroft,* "they are of
earth, stones, or a mixture of the two, in their natural condition, thrown
up from the material which is nearest at hand. There is no instance of
walls built of stone that has been hewn or otherwise artificially prepared, of the use of mortar, of even rough stones laid with regularity,
of adobes or earth otherwise prepared, or of material brought from any
great distance. The material was taken from a ditch that often accompanies the embankment, from excavations or pits in the immediate vicinity, or is scraped up from the surface of the surrounding soil. There
is nothing in the present appearance of these works to indicate any difference in their original form from that naturally given to earth-works
thrown up from a ditch, with sides as nearly perpendicular as the nature
of the material will permit. Of course any attempt on the part of the
builders to give a symmetrical superficial contour to the works would
have been long since obliterated by the action of the elements; but
nothing now remains to show that they attached any importance whatever to either material or contour. Stone embankments are rarely
found, and only in localities where the abundance of that material
would naturally suggest its use. Iu a few instances clay has been obtained at a little distance, or dug from beneath the surface.''
Turning now to our second grand division-the mounds,-we find
them composed of earth and stone, and varying in location, size, shape,
and contents. Divided according to their form, they may be classed
asFirst. "Temp1~" or truncated mounds, which as their name indicates are trp.ncated cones, usually with graded ways to their tops, and
in some instances with terraced sides. Their bases are of different
forms, being indifferently either round, oval, square, or oblong; but
whatever may have been their differences in these respects, they were
all alike in having flat or level tops, which were no doubt used as sites
for their rude temples, or the cabins of their chiefs. In size, they
varied from a height of 5 feet to 90, and fron1. a base of 40 feet in diameter to one covering an area of 12 acres.t Like the embankments, they
are simply heaps of earth, some of them, it is true, of innnem:;e size,
but all of them thrown up without much "care in the choice of ma,terial,
and none at all in the order of deposit."
Second. The next class is composed of the ''animal mounds," or
mounds in which the ground plan is more or less irregular, and is
'' Na,tire Races of the Pacific States, Yol. IV, p. 753.
t See the accouut of the Cahokia l\1ouucl iu 12th ..lnnual Report of
8enrn.

tl~e
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thought to resemble animals, birds, and even human beings, though it
is admitted that this resemblance is often imaginary, and that there is
no evidence that tbe builders of these works intended to copy any such
forms. Indeed, Lapham,* to whom we are indebted for the most satisfactory account of these mounds that we possess, finds 1t necessary, on
more than one occasion, to caution his readers against blindly accepting these resemblances, and frankly says that in some cases appellations, like tbat. of ''Lizard Mound," were given for the sake of convenience, and without pretending tbat they were actually iutended to
represent that animal. t According to the same author, as summarized
by Bancroft, these mounds vary iu be1ght from 1 to G feet, and their
dimensions on the ground are quite large. Thus "rude effigies of
human form are in some instances over 100 feet long; quadrupeds have
bodies and tails each from 50 to 200 feet long; birds have wings of a
hundred feet; lizard mounds are 200 and even400 feet in length; straight
and curved lines of embankments reach over a thousand feet, and serpents are equally extensive." Mounds of this class are comti1ou in
Wisconsin, and are also found in Obio and Georgia. They are not
burial mounds, though tbey are not unfrequently grouped with conical
mounds that inclose human remains, as they are also with embankments and inclosures,-the grouping being always without any apparent
order. They are usually constructed of earth, stones being but rarely
used, except perhaps in Georgia, where the two bird-shaped mounds
described by Col. C. 0. Jones are built entirely of that material.t
Third. ThR third and last class of mounds consists of the simple couical tumuli that are scattered about over this whole area and are far
more numerous than all the others combined. So far as outward ap:
pearauce is concerned they are generally round or ov~il, though other
forms are not unfrequent. They vary in height from a few ]nches to 70
feet,§ and iu diameter from 3 or 4 feet to 300. It is probable however
that a he1ght of :from 3 to 30 feet and a diameter ranging at the
base from 15 to 50 feet would include a large proportion of them.
Although so alike in form, these mounds differ widely in location,
and, as we shall see later on, in their contents. They are found on the.
tops of the highest hills and in the lowest river valleys; tlley stand
alone or in groups, or in connection with hill-forts or fortified villages,
of which they evidently formed component parts. In the material of
which they are built, as well as in the manner of t,heir construction,
they do not differ from the embankments and from other mounds. A
-------------------------------------------------------·--'~Antiquities of \Visconsin, in vol. VII of the Smithsonian Contribntions to Knowledge, pp. 14, 24, 130, etc. Seo also Anc. Mon. of the Mississippi Valley, p. 130, in
which Mr. Squier speaks of a, mound that "may havo been intended to represent a
bird, a, bow and arrow, or the lmman figure."
t l. c., note top. 9.
:j: Sntithsonian J..leport for 1877, p. 278.
§ Anc. Mon. Miss. Valley, pp. 5 and 168.
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large majority of them are simply heaps of earth, though ~tone mounds
or cairns are quite common, and in Florida they are sometimes composed almost entirely of shells. As a rule, they are homogeneous in
structure, though occasionally in the Ohio Valley, and especially along
the Scioto River, there are a few that were regularly and intentionally
stratified.
This is believed to be a fair statement of all that is known of the
mounds, considered simply as mounds, and without any regard to their
contents, or to what is known of them historically. It is taken almost
literally from Bancroft,* whom I have chosen to follow, for the reason
that his summary of the results of the explorations of Squier, Lapham,
and others is just and comprehensive, and because, in a matter of this
importance, it seemed to me desirable to distrust my own judgment and
to accept the statement of one who can not be accused of sharing in the
conclusions to which I have been most unexpectedly driven.
As a result of this rapid glance at the story of these remains, when
told by themselves, it will be seen that although they differ widely in
form, size, and the evident use for which they were intended, yet they
are, primarily, nothing but heaps of earth, stones, or a mixture of the
two, thrown up into the form of mounds and embankments. A child
at play on a pile of sand performs on a small scale, and for his amusement, the very same kind of labor as that involved in their erection;
and the beaver and the white aut, in building their dams and nests,
show a degree of development-a faculty of adapting means to an
end-but little if any inferior to that displayed by the mound-builder,
when judged by the same standard. Inueed, we are told that the beaver dams and washes of Wisconsin sometimes Lear a very close resemblance to the so-called serpent mounds, and to the excavations made
by the Indians in search of lead · and other ores; t whih;t as a matter
of fact, the aut bills of Africa, in point of relative size,t and in the
architectural knowledge and engineering skill displayed in their construction, are quite equal to any earthwork in the Ohio Valley. In
saying this, it must not be supposed that there is any intention of disparaging the works of tbe mound-builders. Unquestionably some of
them are of great size, and exhibit an immense amount of patient toil
and perseverence; but beyond this they tell us little or nothing. Nowhere, either in laying them out, or in the manner in which the dead
were sometimes buried in them, can be found any such adherance to
the principle of orientation as would authorize the inference that the
people who built and buried in tbem bad advanced beyond the merest
rudiments of astronomicnJ knowledge; and as for the mathematical
skill displayed in the construction of their squares and circles, anyone
* Native Races of the Pucijic States, vol. IY, chap. xiii.
tAntiqnities of Wiscon sin, l. c., note top. 11.
tSomc of the hills of the so-called white a.uts of Africa are 25 feet high, and honeycombecl with galleries.

H. Mis. 334, pt. 1--36
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who has ever aided in fencing a we~tern farm knows that it is a comparatively simple matter to "run" a straight line, especially if it be as
broad as most of these embankments; and that consequently squares
as large and with angles as "perfect" as any of those in the Ohio Valley, can be constructed with the aid of three straight sticks and a moderately good eye. The circles might perhaps give a little more trouble;
but even they are not beyond the compass of a boy with a string. Mr.
Squier himself admits that it is possible to construct them of considerable
size without the aid of instruments, though one over a mile in circumference would, he thinks, offer serious obstacles.* In a word, the labor
involved in the erection of these works was purely manual, and perfectly homogeneous. It did not even necessarily imply the use of mechanical aids of any kind, though it is probable that the rude stone
hoe or spade and a basket-one to loosen the earth, and the other to
transport it-were both employed; and these (be it remembered) were
within reach of every Indian family east of the Mississippi and south
of the Great Lakes.
The fact then as to the character of this labor being as stated, it
would seem to follow that a people who could have erected one of
these works, be it a mound or an embaHkment; might have built any
and all of them; and of course, if it can be shown that the red Indian
has, within the historic epoch, thrown up mounds 5 or 10 feet high,
and of proportionate size, there can be no reason why, given time, of
which be had an unlimited supply, or an increased number of workmen, he could not have made them ten times as large had he been so
inclined. To deny this involves the necessity of showing that there
existed, in mound-building, some point beyond which the efforts of the
Indian could not go-some limit to the number of baskets full of earth
he might bring-and this will scarcely be undertaken by the hardiest
advocate of the theory of the two civilizations. Indeed, it is only
necessary to put the matter in this broad light, to ask where it is proposed to run this line of demarcation, and how it was found, in order
to show the absurdity of any attempt to set up a standard that will
enable us to say, definitely, whether any given earthwork was built
by the recent Indians or by the so-called mound-builders.
With this fact clearly understood, we are now ready to take up the
evidence that points to the red Indian of mocleru times as the builder
of these works; and by way of beginning, let us look into the truth of
the oft-repeated statement that he had no tradition as to their origin,
and the purposes for which they were erected. So far as my immediate argument is concerned, this is to some extent a work of supererogation. Tradition is at best but an unsafe guide, and even if it were
* Anc. Mon., p. 61. Bearing upon this point is the statement of Miss A. C. Fletcher,
that the Ogalalla Sioux, when marking out the ground for the Snll dance, raise up a
pole in the center, and then, with a rawhide cord as a radius, draw a circle of the
required size 7 say from 200 to 300 feet in diameter.
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not, the fact that the Indians could not give any account of these
structures would carry but little if any weight, for the reason that it
is negative evidence pure and simple, and as such must give way to
the well-authenticated im;;;tances of mound-building among the Natchez
and other historic tribes. Upon this point there can be no difference
of opinion, an<l though it clearly slwws the worthlessness of tradition
as the basis for an argument in the present discussion, yet the statement as to the absence of all accounts of the origin of these works is
so often repeated, and with such seeming confidence, that the investigation would be incomplete without some inquiry into its truth. Especially is this so in view of the fact that like all wholesale generalizations
it has a certain foundation in truth, though this is believed to be entirely too slight to justify m; in acccpti11g the statement in the shape
in which it has come down to us. That certain Indians-the number
is immaterial-were without any tradition upon the subject of these
mounds is extremely probable; and if the early writers had confined
themselves to a statement of this fact, there would have been no question as to its acceptance. But when generalizing (as was too often
their wont) from the few instances that came under their observation,
they tell us that "the Indians" or that ~'certain tribes" were equally
ignorant, then it is time to call a halt, aud inquire into the validity of
the evidence upon which the statement rests. To do this thoroughly
involves no little labor. Trustworthy authorities must be examinedthe more the better,-and if tbey fail to bear out the general conclusion, as will almost always be found to be the case, there is no
alternative but to so modifY this conclusion as to bring it in accord
with the newly-discovered evideuce. As an instance of the good results that sometimes follow this method of interpreting the old chroniclers, take the assertion of the younger Bartram that "the Cherokees
are as ignorant as we are, by what people or for what purpose these
artificial hills were raised."* He is speaking of the mound upon which
stood the council house in their town of Co we, t and it is of course very
probable that the Indians of whom be made the inquiry did not know
who built this particular mound; at least there can be no doubt that
they told him so, and that he believed them.
Now Bartram's visit to the Cherokees was a hurried one; he saw
but few of their towns, and could not possibly have conversed with but
a small portion of their people, and yet his statement is couched in the
- - - ---------

"Bartram's Travels, p. 367: Philadelphia, 1791. He adcls: 11 :But they have a tradition common with the other nations of Indians, that they fonnd them in much the
same condition as they now appear, when their forefathers arrived from the \Vest
and possessed themselves of the country after vanl]_nishing the nations of red men
who then inhabited it, who themselves found these monll(1s when they took posses.
sion of the country, the former possessors <lelivering the same story concerning
them."
t This distinction mnst be kept in millf1, as l. c., p. 34R, he spt>aks of 11 vast heap15
of stones" that were 11 Indian graves, uudonbtedl;y."
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broadest terms possible, and includes all the members of the tribe of
every age, size, sex, and condition. Obviously his assertion is not
warranted by the facts, nor is it borne out by the testimony of concurrent writers. So far from being without any tradition on this subject,
this people can be shown to have had several, or at all events they so
reported. Thus, about the year 1782, Oconostoto, who had been for
sixty years one of their chiefs, being asked by Governor Sevier,* of
Tennessee, who built the earth-works in their country, and particularly "the remarkable fortification," as it is called, on the Hiawassee
River, answered that "it was handed down by their forefathers, that
these works were made by the white people who had formerly inhabited
the country." Gen. Geo. Rogers Clark, t who probably knew as much
of Indian character as any one who has ever written on the subject,
says positively that there was a tradition among the Cherokees to the
effect that the works in their country were built by their ancestors;
and this statement is borne out by the chroniclers of De Soto's expedition, t as well as by the testimony of Adair, § who seemR to have had no
doubt by whom these mounds were built, or for what purpose, though
he admits that some of them were beyond tl1e reach of tradition.
Here then in this one tribe, we have several accounts of these
works. They can not all be true, and it is possible that neither one
of them may be; and yet either one of them is a sufficient answer to
*See letter of Gov. Sevier in Sto<ldard's Sketches of Louisiana., p. 483: Philadelphia, 1812. Being questioned as to who t hese white people were, the old chief
replied: "That he ha<l heard his grandfather and other old people say that they were
a people called the Welsh," etc. For a summary of what ha10 been written about a
Welsh Nation in America., consult chapter xvii of the above work, and also Priest's
American Antiquities, pp. 229 et seq.: Albany, 1838; and Bnrder's Trelch Colony, a
pamphlet published in London in 1797.
t" I think the world is to blame to express such great anxiety to know who it was
that built these numerous and formidable works, and what hath become of that people. They will find them in the Kaskaskias, Peorias, Kahokias (now extinct),
Piankeshaws, Chickasaws, Cherokees, and such old nations, who say they grew out
of the ground where they now live, and that they were formerly as numerous as tlte
trees in the woods; but affronting the Great Spirit, he made war among the nations,
and they destroyed each other. This is their tradition , and I can see no good IWlson
why it should not be received as good history-at least as good as a great p:ut of
ours:" MSS. of Gen. Geo. H. Clark, in vol. iv, Schoolcraft, Indian Tribes of the
UnUecl States, p. 135.
:j:In the Tenth Annual Report of the Peabody Jlltts eum at Cambridge, pp. 75 ef seq., I
have given some of the reasons for believing t hat the Cherokees built mounds anll
earth-works.
~ "vVe frequently meet with grea,t mounds of earth, either of a circular or oblong
form 1 having a strong breastwork at a distance around them, made of the clay whirh
had been dug up in forming the ditch on the inner side of the inclosed gronnd, an<l
these were their forts of secnrity against au enemy. Three or four of them a,re, in
some })laces, 1·ail'led so near to each other as evidently for the garrison to tnke any
enemy that passed oetwecrL them. They were mostly built in low lauds; and some
are overspread with large trees, beyond the reach of Indian tradition:" History of
the American Indians, p. 377: London, 1775.
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the statement that the Indians h;Hl nn tradition a~ to i-lte origiu of
these steuetures, or the purpose for which they were built. Nor must
it be supposed that the Cherokees ·w ere alone in this respect; neither
were these stories confined to any one Htock or family of tribes. They
are found on both sides of the Ohio, and were as current (and for that
matter as varied and often quite as contradictory) among nations of
the Huron and Algonquin families as they were among the Cherokees.
In fact, it is believed to be the exception to find a single prominent
tribe living within the region of the mounds in which some tradition
on the subject oftheir origin was not more or less common. Whether
these traditions were true or false, or whether the event that was purported to be handed down was tact or fable, are points which it is not
necessary to discuss. All that I am called upon to show is, that the
Indians had traditions, no ma,tter what their character, upon this subject; and in doing this, I shall limit myself to a representative tribe
ti·om each family, and by way of making the tradition as definite as
possible, will pick out typical works or groups, situated in different
portions of the country, so that there can be no doubt as to the particular tribe, or the precise kind of earthwork that is meant.
First of all, let us take up the mounds and inclosures of western New
York, and see what the Iroquois had to say as to their origin. According to one account, the country "about the lakes was thickly inhabited
by a race of civil, enterprising, and industrious people, who were totally
destroyed, and whose improvements were taken possession of by the
Senecas."* The Rev. Mr. Kirkland, while on a missionary tour to
this tribe, A. D. 1788, visited several of these "old forts," one of which,
situated in Genesee County, near Batavia (Squier), and known to the
Indians as the" double-fortified town, or a town with a fort at each end,"
is thus described: The first of these forts "contained about 4 acres of
ground. The other, distant from this about 2 miles, and situated at the
ot-her extremity of the ancient town, inclosed twice that quantity of
ground. The ditch around the former was about 5 or 6 feet deep. -A
small stream of water and a high bank circumscribed nearly one-third
of the inclosed ground. There were the traces of six gates or avenues
round the ditch, and near the center a way was dug to the water.
A considerable number of large thrifty oaks had grown up
within the inclosed ground, both in and upon the ditch; some of them
appear to be at least two h11ndred years old or more.
- Near the
northern fortification, which was situated on high ground, he found the
remains of a funeral pile.
- The earth was raised about 6 feet
above the common surface, and betwixt 20 and 30 feet diameter. The
bones appeared on the whole surface of the raised earth, and stuck out in
many places on the sides." i" According to the same author, Indian
* Yate~:~ and Moulton, History of New Ym·k, vol. r. p. 40; New York, 1824.
t MSS. of Rev. Mr. Kirkland, in Moulton's New York, vol. I, p. 16.
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tradition says "these works were raised, and this battle was fought
betwixt the Senecas and Western Indians.
In this great battle
the Senecas affirmed that their ancestors won the victory. Some say
their ancestors had to] d them there were 800 of their enemies slain; others
include the killed on both sides in that number. Be this as it may, all
their historians agree that the battle was fonght where this heap of
siain are buried, before the arrival of the Europeans, some say three,
some four, others five lives or ages, reckoning a life or age one hundred
winters or colds."* Another tradition represents that these works were
erected by the ancestors of the Iroquois in their wars with other tribes t
and with the French.t Assuming that these two traditions refer to different periods in the national life of the Six Nations, they do not conflict.
In fact, they fit in together very clos~ly, and as Mr. Squier has shown
that these remains are but the abandoned village sites of the recent
Indians,§ they may be said to be sustaiued by the traditions of the
Iroquois as to their expulsion from the region near Montreal, and their
seizure and occupation of central and western New York.! I
Proceeding towards the southwest, we come next to the Ohio system
"'MSS. of ReY. Mr. Kirkland, Z. c., p. 39. It will be seen that this account leaves
it uncertain whether these works were erected by the Senecas or the ·w estern Indians.
So far as my purpose is concerned, it is immaterial which of these tribes built them.
The following extract from Governor De Witt Cllnton will, however, clear up the difficulty: "Some of the Senecas told Mr. Kirkland, the missionary, that those in their
territory were raised by their ancestors in their wn.r s with the Western Indians."
Coll. N. Y. Hi.st. Soc., vol. n, p. 92. Compare Cnsick's HistoTy of the Ivoqnois, part
II, published in Schoolcraft's Indian T1·ibes, vol. v, pp. 632 et seq.
t Notes on the I1·oq1wis, p. 44.2.
+Farmers Brother told Dr. King t.hat the mounds were thrown up against the incursions of the French. This was about 1810, at which time he was 94 years old:
Drake's Indians of North America, fifteenth edition, p. 604. There is another tradition given by Governor De Witt Clinton in the Collections of theN. Y. Hist., Soc., vol.
II, p. 92, to the effect that uthese works were thrown up by an army of Spaniards,"
eto. I do uot think it necessary to give it in the text, as it is probable that the
tradition is as false as the event to which it relates is improbable. However, it
may be well to add that Brant, the famous Mohawk chief, in vol. n, p. 48!!, of his
life, speaks of a tradition that ((prevailed among the different nations of Indians
throughout that whole extensive range of country, and had been handed down time
immemorial, that in an age long gone by t,here came white men from a foreig·n
country, and, by consent of the Indians, established trading houses and settlements
'«'here these tumuli are found. A friendly intercourse was continued for several
years; many of the white men brought their wives and had children born to them .
- - - These circumstances at length gave rise to jealousies," and the colony was
ultimately destroved. Brant expressed no opinion as to the truth of the tale, but
added: "that from the vessels and tools which had been dug up in those mounds, or
found in their vicinity, it was evident that the people who had used them were
French.
~Aboriginal Monuments of New York, in Smithsonian Contribui'ions to Knowledge,
vol. n, chap. vi.
II MorganJ Leagne of the I1'oquois, p. 5. Bartram (John) Observations, etc., p. ~3;
London, 1751. Colden, Five Nations, p. 23. De Witt Clinton, l. c., p. 92. Relation
en l' annee 1660, p. 6.
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of works, and here again we have several traditions as to their origin.
One of these, handed down among the Lenni Lenape-an Algonquin
tribe-is to the effect that when they bad reached the Mississippi in
their migration eastward, they found the country east of that river inhabited by a powerful nation, called the Allegewi, who had many large
tow11s built on the great rivers flowing through their land. At first
they gave the Lenni Lenape, or Delawares, as v;re call them, leave to
pass through their country, and seek a settlement farther to the east;
but for some reason they attacked them whilst crossing the river, and
inflicted great loss upon them. The Lenni Lenape then formed an alliance with the Mengwe or Iroquois, who were also on their way to the
east in search of a home, and tog,ether they made war upon the Allegewi, stormed their towns and fortifications, and finally expelled them
from the country. Heckewelder, *to whom we are indebted for the story,
says that be had seen many of their fortifications, one of which, situated on the Huron River, east of the Sandusky, about 6 or 8 miles from
Lake Erie, he describes as consisting of "walls or banks of earth regOutside
ularly thrown up, with a deep ditch on the outside.
of the gateway were a number of large flat mounds, in which, the Indian
pilot said, were buried hundreds of the slain AllegewL" In another
accountt we are told that it was a tradHion of the Kaskaskias, Piankeshaws, and other tribes, that these "fortified towns," "entrenched encampments," or "garrisoned forts, many of them with towers of earth
of considerable height to defend the walls with arrows and other missile
weapons,
- - were tbe works of their forefathers," who were as
numerous as the trees in the wood; but that, having affronted the Great
Spirit, he made them kill one another.
Speaking of the collection of mounds in the river bottom opposite St.
Louis, just below the old French village of Cahokia, one of the largest
mound centei's in the United States, Baptist Ducoigu, a Kaskaskia
chief, told Gen. Geo. Rogers Clark that it was'' the palaace of his forefathers, when they covered the whole (country) and had large towns;
that all those works we saw there were the fortifications round the
town, which must have been very considerable; that the smaller works
we (saw) so far within the larger, comprehended the real palaace; that
the little mountain we there saw flung up with a basin on top, was a
*Historical accoltnt of the Indian Nations, pp. 29 et seq.: Philadelphia, 1819. See
also that curious mixture of fa ct and fable, Cusick's History of the Six Nations. John
Norton, a Moha,wk chief(in vol. II ofLife of Joseph Brant, note onp.486: Albany,
1865), says, "There was a tratlition in his tribe that they were constructed by a
people who, in ancient times~ occupiecl a great extent of country, but who had been
extirpated; that there had been long and bloody wars between this people and the
Five Nations, in which the latter had been finally victorious."
tMSS. of Gen. George Rogers Clark in vol. IV of Schoolcraft, Indian T1·ibes, pp.134
and 135. See also Notes on the hoquois, p. 162, and Brackenridge, Views of Louisiana,
p. 185: Pittsburg, 1814.
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tower that contained part of the guard brlonging to the prince, a~ from
the top of that height they could defend the King's house with their
arrows," etc.*
If now we cross the Ohio, and inquire of the Creeks or Muscogees
as to the origin of the works that are scattered throughout their country, we shall find that they too ascribed them to their ancestors,
though they differed as to the purposes for which some of them were
erected. According to one account a certain class of "conic mounds of
earth" were thrown up as places of refuge against high water; whilst
a more probable tradition speaks of them as tombs of the dead, or parts
of ''an ancient Indian town,"t possibly the sites of the cabins of their
chiefs and of their c01mcil-houses or temples. In 1847, Sekopechi, t
one of the oldest Creeks then living, speaking of the former condition
of his tribe, said that they erected breast-works of a circular shape for
the protection of their families, and that the mounds had no existence
previous to their arrival. Adair§ tells us that "they had a special
name for their old round earthern forts;" and Bartram,ll speaking of
"the artificial mounds or terraces, squares and banks encircling considerable areas"-the monuments or traces of an ancient town that once
stood on the east bank of ·the Ocmulgee, near the old trading road,
adds: "If we are to give credit to the accounts the Creeks give of themselves, this place is remarkable for being the first towu or settlement
*MSS. of Gen. Clark, Z. c., p. 135. He adds: ((I bad somewhere seen some ancient
account of the town of Kaskaskia, formerly containing 10,000 persons. There is not
one of that nation at present known hy that name. - - - I one day set out to see
whether we could discover signs of snch a population. We easily and evidently
traced the town for upwards of 5 miles in the beautiful plain below the present
town of Kahokia. There could be no deception here, because the ren11ains of ancient
works were thick-the whole were mounds, etc. - - - Fronting uearly the center
of this town, on the heights, is a pinnacle called the Sugar (Loaf), from its fignrc.
- - - I at once saw that it was a hill, shaped l,y a small brook breaking through
the (larger) hill till it had formed a very narrow ridge. This had been cut across,
and the point shaped in the form of a sugar loa£~ perhaps to place an idol or a temple
on, as it could not be more conspicuous. It is of a very considerable height, and you
are obliged to wind round it to ascend on horseback."
tHawldns, Sketch of C1·eek Connt1·y, p. 38. Schoolcraft (vol. IV, p. 127), quoting
a MSS. copy of the" Sketch," s~ys: "They were also designed to entomb the remains
of their distinguished dead." Bartram (Travels, p. 522) says that the Indiaas have
a tradition. that the vast four-square terraces, chunk yards, etc., at Apalachucla, old
town, were "the ruins of an ancient Indian town and fortress."
+Schoolcraft, Indian 11·ibes, I, p. 267.
~ Histo?"y of North American Indians, p. 67.
II" On the east banks of the Ocmulgee this trarling road runs nearly 2 miles throngh
ancient Indian fields, which are called the Ocmulgee fields; they are the rich low
lands of the river. On the heights of these low gronnds are yet visible monumt:lnts
or traces of an ancient town, such as artificial mounts or terraces, squares, and
banks, encircling considerable areas. Their old fields and planting land extend up
and down the river, 15 or 20 miles from this site." T'ravels through Florida, p. 54:
Philadelphia, 1791.
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where they sat down (as they term it) or estahli~hed themselves after
their emigration from the West, beyond the :Mississippi, their original
native country. On this long journey they snffered great and innumerable difficulties, encountering and vanquishing numerous and valiant tribes of Indians, wlw opposed and retarded their march. Having
crossed the river, still pushing eastwanl, they were obliged to make a
stand and fortify themselves in this place as their only remaining hope,
being to the last degree persecuted and weakened by their surroundiug
foes. Having formed for themselves this retreat, and driven off the inhabitants by degrees, they recovered their spirits, and again faced their
enemies, when they came off victorious in a memorable and decisive
battle. They afterwards gradually subdued their surrounding enemies,
strengthening themselves by taking into confederacy the vanquished
tribes."'~ These are a few of the traditions that have come down to us
as to the origin of these works, and although, when considered by
themselves, they are not perhaps of much historical importance, yet,
inasmuch as the question is not as to their truth, but as to their existence, they answer my purpose as well as if each one of them were
founded on fact, and had been handed down from generation to generation without a break or a blemish.
In regard to the cre<libility of these different accouuts, a few words
may not be out of pl~ce. As has been said before, they can not all be
true, though there is no reason why some of them may not rest upon a
basis of fact. Take for instance the tradition, found in some shape
among almost all tribes, that these works were built by their ancestors,
and test it as we may, it will be seen that so far from being impossible, it
is rendered more than probable by the fact that some of the most elaborate of these remains can be shown to have been erected since the arrival
of the whites. The evidence of this is furnished by the mounds themselves, or rather by their contents, and consists of articles of European
manufacture that were buried with the body over which the mound was
originally erected. As an instance of this, take the series of works at
Circleville, Ohio, to which a reference has been made on a preceding
page.t It is composed of a circle, square, and mounds, all of which are
*And yet, on p. 520, he tells us that the region between the Savanna and Ocmnlgee
rivers "was last possessed b;y the Cherokees, since the arrival of the Europeans, but
they were afterwards dispossessed by the Muscogulges; and all that country was,
probably, many ages preceding the Cherokee invasion, inhabitecl by oue nation or
confederacy, who were ruled by the same system of laws, customs, and language; but
so ancie11t that the Cherokees, Creeks, or the nation they conguerec1, could render no
account for what purpose these monnments were raised." On p. 456 the s:une statement is made in regard to a post or column of pine, 40 feet high, that stood in the
town of Autassee, "on a low, circular, artificial hill," and as this pole could not have
been standing for very many generations, it is evident that the Indian's account of
what his ancestors did or did not know must l>e taken with a great deal of allowance.
t See ante, foot-note t on I>age 557.
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so joined together that they must have formed parts of one connected
whole. Near the center of the circle or, as it is called, ''the round
fort," which as we have seen, had once been inclosed by palisades, was
a tumulus of earth about 10 feet in height and several rods in diameter
at its base. On its eastern side and extending G rods from it, was a
semicircular pavement composed of pebbles, such as are now formed
in the bed of the Scioto River, from whence they appear to have been
brought. The summit of this tumulus was level, nearly 30 feet in
diameter, and there was a raised way to it leading from the east, like a
modern turnpike.* The earth composing this mound was entirely
removed in the presence of Mr. Atwater, and there weTe found lying
on the original surface of the ground, and about 20 feet apart, the
remains of two human skeletons that had evidently been burned. With
one of these skeletons there was ''the handle either of a small sword or
a large knife, made of an elk's horn; around the end where the blade
had been inserted was a ferrule of silver which, though black, was not
much injured by time. Though the handle showed the hole where the
blade had been inserted yet no iron was found, but an oxide remained
of similar shape and size." With the other skeleton "there was a large
mirrour about 3 feet in length, 1-zfeet in breadth> and l~inches in thickness. This mirrour was of isinglass (rnica.~ rnembranacec~), and on it (was)
a plate of iron, which had become an oxide; but before it was disturbed
by the spade resembled a plate of cast iron."
A quantity of arrow-heads and spear-points were fo.und with one of
the skeletons; but of these it is unnecessary to speak, as they probably did not differ from those that lie scattered about everywhere in the
Ohio Valley, and they can not therefore (except indirectly) throw any
light upon the origin of these works. Not so however with the articles of iron and silver. These do tell a story; and whilst they do not
indicate the precise period of time when this mound was erected, yet
they enable us to say, with some degree of certainty, that it must have
been subsequent to the arrival of the whites, for the reason that the
nations that held the Mississippi Valley previous to that event, whether
Mound-builder or recent Indian, may in a general way be said to have
been unacquainted with any metal except native copper; and this they
simply hammered into shape, or possibly "having melted it," they
"spread it into sheets," as Champlain (Voyages, vol. n, p. 236: Boston,
1878) tells us they sometimes did, before submitting it to the process
of malleation. Of the manufacture of iron they appear to have been
ignorant; and though the recent Indians were unquestionably acquainted with silver, beat it into ornaments, and in all probability
* .Archreologia Arnedcana vol, r, pp. 177, et seq. See also Squier, .Abor. Mon. of
New York, p. 107; Stone, Life of Bmnt, vol. n, p. 485, and Schoolcraft, Lead Mines
of Missotu·i, p. 274, for notices of other mounds that have been built in the State of
Ohio within comparatively recent times.
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sometimes overlaid copper with it,* yet the evidence of its use is relatively so slight as scarcely to merit recognition. Upon these points all
archreologists are agreed; and when therefore we are told, upon
authority that has never been questioned, that implements of iron and
silver were found with the charred bones of a person, over whose remains a most elaborate mound had Leen erected, it is proof positive of
the recent origin of this particular mound, and inferentially of the
group of works of which it formed a component part. There is no escaping this conclusion except upon the theory that the people who
erected these works, supposing them to have belonged to a different
race from the Indians, were acquainted with the use of iron and silver;
and to admit this is virtually to re-wTite the archreology of the Mississippi Valley.
Nor is this the only instance in which objects of European manufacture have been found under such circumstances as to indicate that they
were used by the people who found shelter behind these earthen walls.
In Tennessee, near Murfreesboro, i- similar discoveries have been made,
.. ''One of them had hanging about his neck a round plate of red copper, well polished, with a small one of silver hung in the middle of it; and on his ears a small
plate of copper, with which they wipe the sweat away from their bodies:" Ribault
(1562), in Hi st. Coll. of Lonisiana, p. 178: New York, 1875. Both Ribault aml
Lauclonniere make repeated mention of silver and even gold, but the latter writer
(Hakluyt, vol. nr, p. 369) tells us that it is u gotten out of the shippes that are lost
upon the coast, as I have understood, by the sauages themselues." Hariot (Hakluyt,
vol. ur, p. 327: London, 1810), speaks of "two small pieces of siluer grosly beaten
- - - l1anging in the ears of a Wiroans; - - - of whom, through inquiry, - - I learned that it had come to his hands from the same place or neere, where I after
understood the copper was made, and the white graines of metall found. The aforesaycl copper we also found by tryall to holcle siluer.'' In this connection the copper
"bosses overlaid with a thick plate of silver," found by Dr. Hildreth in a mound
at Marietta, Ohio, becomes of interest. Judge Force, to whom I have so often had
occasion to refer, examined one of these specimens, and tells us (To what Race clid
the Mound-builders Belong, p. 49), that "it is native copper hammered into shape."
He also adds that "in the Lake Superior mines silver is found in connection with
the copper, and the miners there now, taking advantage of good specimens, hammer
them into rings, with the silver on the exterior surface, making copper rings, silverplated by nature, precisely as the Mound-builder artisan did who made the boss at
Marietta," and we may add, as the Florida Indian did, who made the ornament
spoken of by Ribanlt. In another mound at Marietta, half a mile east of the earthwOTks, was found a silver cup, evidently not of Indian workmanship, which Schoolcraft (Leacl Mines of Missou·ri, p. 274: New York, 1819) describes. It belonged to
a Mr. Hill, of Cahokia, and, according to that gentleman, had been brought to light
by the gra·lnal washing away of the mound by a small stream which ran at its base.
t Dam; l'angle nord-ouest du comte de l!,rauklin, au confluent de denx branches les
plns meridionales du Duck, on voit les ruines cl'un vieux fort inclien, nomme StoneFort, qui couvre nne 6tendue de trente-deux acres. - - - Ala distance d'un demimille environ au nort et au nord-ouest, l'on rencontre deux tertres, clout l'un a cent
pieds de longueur et vingt-cinq de hauteur sur vingt de largeur, et l'autrc soixante
pieds de longueur et vingt de hauteur sur clix-huit de largeur. On voit croitre sur
les murs, comme sur les tertres, des arbres anssi grands que ceux des forets voisines.
On a decouvert recemment dans un de ces tertres nn sabre de deux pieds de long, qui
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whilst in New York* and Florida t.l1e:-;e "finds," as they are commonly
called, have been so frequent aR to make it unnecessary to refer to them
in detail, and I content myself with the following extract from the fourteenth annual report of the Peabody Mnsenm, ·r which it is needless to
say is heartily indorsed. Speaking of some discoveries made by Dr.
David Mack, jr., in the course of his explorations in Orange County,
Fla., Mr. Putnam holds the following emphatic language: "One group
of mounds was inclosed by an embankment, and was very likely the
site of an Indian village. In a burial mound in this group a number of
ornaments made of silver, copper, and brass were found, also glass beads
and iron implements, which were associated with pottery and stone
implements of native make. This furnishes conclusive evidence that
the Indians of Florida continued to build mounds over their dead after
European contact; for the care with which the exploration was made,
and the depth at which the skeletons and their associated objects were
found are conclusive as to the burials being the original ones aud not
those of an intrusive people." It is unnecessary however to pursue
this branch of the subject any farther. The instances quoted above,
admitting them to be true (and I do not see how it can be doubted),
prove very clearly the recent origin of the particular mounds and works
to which they refer. To increase the number of such extracts is simply
to accumulate evidence upon a point about which there can not be two
opinions.
Having thus cleared our minds of some of the illusions in which
this subject has been enveloped, let us now turn to the early chroniclers,
and see what they really do tell us of the origin of these works. In
examining into this evidence, the division heretofore made of these
remains, into mounds and embankments or inclosures, will be adhered
to, though the order in which they are to be taken up will be reversed,
and the mounds will be first considered. These will be treated under
the heads of (1) Stone heaps or cairns; (2) Conical mounds of earth or
burial mounds, and (3) Truncated or temple mounds. There are, of
course, other divisions, but for my purpose these are believed to be
sufficient, as, with the exception of the animal mounds, about which
nothing definite is known,:j: all the rest, so far as size and mode of condi:ffere par la forme de toutes les armes de cette espcce dont on se soit servi depuis
l'arrivee des Europeens. Des debris de vaisselle et plnsienrs briques cntieres de
neuf pouces carres et de trois pouces d'epaisseur ont cte trouves au mi'nne lieu:"
Warden, Antiquities de l'Arnerique SeptentTionale, p. 51: Paris, 1827 .
.,. For an account of these works see Schoolcraft, Notes on the Iroquois, Clark's
Onondaga, and Squier, Aboriginal Monuments of New York, in vol. n, Srnithsonictn
Contributions to Knowledge.
t Page 17, Cambridge, 1881. Sec also Repm·t Srnithsonian Institntion for 1877, pp.
298 and 305; Jones, Antiqnities of the Southern Indians, p. 131, n,nd Twelfth Annual Report of the Peabody Museurn, in vol. n, p. 468.
t Unless the explanation given in that curious book, "The Tru.ditiom; of Decooclah,"
should be accepted as authority, and this is scarcely advisable in the present state
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struction are concerned, may be brmJght under oue or the other of these
heads, though it is not intended thereby to assert anything as to the
object or purpose for which they were erected, except in so far as it is
made known to us by the authorities to whom a reference may be
necessary.
First. Beginning with the stone heaps or cairns, we are informed
that they were either intended to commemorate some notable event, as
a treaty of peace,* a victory, the settlement of a village, the passage of
a war party,t or else they were thrown up as landmarks, or as memorials over the dead.t They seem to have been very widely distributed throughout the area of the United States, as they are to be
found as far to the eastward as New England; § they are more or less
of our knowledge. The only statement that I find in any of the early chroniclers
which can possibly be construed into a reference to these mounds is in Charlevoix
(TI'at'els, vol. u, p. 48), and even in this case it ~au only be so construed by supJJosing
that by "the great benYer" is meant the "beaver" gens of some tribe. Charlevoix
there speaks of a mountain, near Lake Nipissing, in tho shape of a beaver, and says:
"The Indians maintn,in that it was tho great beaver who gave this form to the
mountain after he had made choice of it for his burial place. They never pass
- - - without offering him the smoke of their tobacco."
*Beverly, Vi1·ginia, book III, p. 27: ''They use formal embassies for treating, and
very ceremomous wa,ys in concluding of peace, or else some other memorable action,
such as burying a tomahawk and raising an heap of stones thereon." Brinton, in
Amer. Antiquarian for October, 1881, quoting Biomes, says of the tribes south of the
Savannah river, "that they erected piles or pyramids of stones on the occasion of a
successful conflict, or when they foun<letl a new village. "
t "We observed a pile of stoneR, - - - which I was informed had been thrown
up as a monument by tho Osages when they were going to war, each warrior casting
a stone upon tho pile:" Nuttall, Ad;ansa Territory, p. 149: Philadelphia, 1821.
This may have been merely a "landmark:" Ou,1· Wilcl Indians, by Col. Dodge, p.
557: Hartfonl, 1882.
:j: "To perpetuate the memory of any remarkable warriors killed in the woods, I
must here observe, that every Indian traveller as .he passef> that way throws a stone
on tho place, according as he likes or dislikes tho occasion or manner of the death
of the deceased:" Adair, p. 184.
~Mountain Monument, in Berkshire County, Mass., is Ro cnlle(l from the fact that
at its southern extremity is, or ·w as a few yearl'l since, a pile of Rmall stones, erected,
::;,ccording to tradition, in memory of a woman of the Stockbridge tribe, who killed
herself by leaping from the precipice:" -w. C. Bryant, Notes to Poems: Philadelphia, 1849. According to the Amer. Journal of Science, vol. vu, l'· 159, mention is
made in Dr. Dwight's 11·avcls in Connecticnt, etc., "of two of these stone tumuli,
which appear to have been erected over offen(lers against the law.'' See also Aboriginal Mon. of New York, p. 160, for an account taken from Hopkins's Memoir of the
Housatonic Indians, of the erection of "a large heap of Atones, - - - probably
10 cart loads, in the way to Wanhtukoolc, which the Indians have thrown together as
they passed by the place; for it used to be their custom, every time one passed by,
to throw a stone upon it," etc. I must confess that I don't know where this cairn
was ~-;itnatecl or when it was built, and it cloes not much matter, as from the name
of the tribe it is evident they were of NPw England origin. See also DonnaH,
Origin of Primitire Superstitions, p. 185: Philadelphia, 1881 1 and Haven, in yol.
VIII of Smithsonian Cont1'ibutions to .Knowledge, pp. 31, et seq.
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numerous in New York,* throughout the Ohio Valley, i" and the States
still further to the south,+ wbilst in the West they are known to have
been erected, within the present generation, by "tribes living in the
Rocky Mountains and the Sierra N evadas." § In point of size there is
a wide difference among them. .A. large majority consirsts of not more
than ''two or three cart-loads of stone," though Squier speaks of one
situated near the Indian trail that led from the Shawnee village at
Chillicothe to the mouth of the Scioto River as being rectangular in
shape, and originally quite symmetrical in outline, and measuring 106
feet long by 60 broad, and fi·om 3 to 4 feet high.ll Where intended
as memorials of the dead they are sometimes piled up over a single
corpse, or they may serve to mark the site of one or more of those
general interments, when the dead of an entire village or a cla11, for a
number of years, were collected together and buried in one common
grave.~l This latter form of burial was not confined to any one family
or stock of tribes, but seems to have been common to all, and was
always attended with great ceremony.
The Jesuit Fathers Breboeuf** and Lallemant tt give us very full and
"A pile of stones. - - - Indian tradition says that a Mohawk murdered a
brother (or two of them) on the spot, and that this tumnlus was erected to commemorate the event. - - - They all cast a stone upon the pile:" Howe, Histo1·icctl Collections of New York, p. 278: New York, 1842.
t Archceologia Americana., vol. I, pp. 131-184. Ana. Mon. of the Mississippi Valley,
p. 184. See also a note to p. 362, Yol. n, Reports of the Peabody Museum: Cambridge, 1880.
:j: "Seven heaps of stones being monuments of seven Indians slain by the Sinnegars:" Lawson, Carolina, p. 44. See also J effersou, Jfotes on Virginia, p. 191, and
Jones, Ant-iqnities of the Sonthern Indians, p. 127, for an account of such cairns in
Virginia and Georgia.
~Yarrow, Mor·tnary Cnstorns of the North Arnerican In£lian8, p. 48: Washington,
1880. See also Uni.ted States Geographical Su1·veys, west of the 100th meridian, vol.
vn, pp. 392 and 394. One of these.cairns was 25 feet long, 20 broad, and 10 feet high,
and covered the body of a warrior called by the Mormons Nabbynnnck. See also
Reconnoi~:~sance of N01·thweste1'n Wyoming, by Capt. Jones, U. S. Army, p. 276,
where we arc told that among the Shoshones "the dead are usually buried in shallow gr::wes and coverect with a low mound of loose stones."
II Line. Mon. Miss. Valley, p. 184.
~Col. C. W. Jenckes, superintendent of the Corundum mines in western North
Carolina, says: u We have Indians all about us with traditions extending back for
five hundretl years. In this time they have buried their dead under huge piles of
stones. We have at one point the remains of 600 warriors under one pile:" Foster,
P1·ehistm·ic Races, p. 149: Chicago, 1873. As the Cherokees had held the region
where this cairn was situated from time immemorial, this was probably one of their
graves. That they did bnry their dead in this fashion may be inferred from a statement of Adair, who tells us, in a note to p. 185, that "the Chcerake do not now collect the bones of their dead, yet they continue to raise and multiply heaps of stones
as monuments of their dead." See nlso Line. ].Ion. of the Jliss. Valley, p. 184, for an.
account of a similar interment in Pickaway County, Ohio.
*¥Relation en l'annee1636, chap. viii and ix: Quebec, 1858.
tt Relc~t,ion, A. D. 1642, pp. 94 et seq.
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interesting accounts of the manner in which these funerals were conchlCted among the Huron and Algonquin tribes of the north; and the
frequent mention made of the custom of the Indians south of the Ohio
of preserving the bones of the dead* leaves no doubt as to the prevalence of this form of interment throughout all that region, from the
time of De Sotot down to a comparatively recent period, even if there
were not other and positive evidence of the fact. It is worthy of note,
however, that neither one of the Jesuit fathers named makes any mention of the erection of a mound or cairn upon the occasion of one of
these general burials, or, in fact, at any other time, though Morgan,
speaking of the funeral customs of the Iroquois, is of the opinion that
the "barrows and bone mounds, which have been found in such numbers in various parts of the country," are to be ascribed to the practice
of disposing of their dead in this fashion, and this is confirmed by De
Vries. t Be this as it may, there seems to be good ground for the assertion that some of the tribes belonging to the Huron-Iroquois family
were, at one time and under certain conditions, in the habit of erecting
stone heaps over the single graves in which their dead were temporarily
deposited. Lafitau §states the fact positively, and Adair II tells us, on
the authority of "a gentleman of distinguished character," that the
Mohawks-one of the Six Nations-were accustomed thus to honor their
dead. From other sources we lParn that the Onondagas, another member of the same confederacy, whenever they lost a friend away from
"Bartram, Travels, p. 514. Adair, p. 183. La,wson, p. 182. Du Pratz, vol. II, p. 214,
Beverly, book III, p. 29. Bossu, T1'lwels tlo·ongh Louisiana, vol. r, p. 298: London,
1771. Bernard, Romans, pp. 89, 90.
t Knight ofi~lvas, iu Hi.st. Coll. of Loni.siww, part II, p. 125. La Vega, Hestorie cle
la Floricle, premiere partie, pp. 264 et seq., and seconde partie, pp. 39 et seq.: Paris
1709.
+League of the I1'oduois, p.173. 11 I have seen at the north (Fort Orange), great
multitudes of Indians assembled, who had collected together the bones of their ancestors, cleaned them, and bound them up in small bundles. They dig a square grave,
the size and length of a person. - - - They then bury the bones in the grave,
with a parcel of Zeewan, and with arrows, kettles, knives) paper, and other knickknacks, which are held in great esteem by them, and cover them with earth, and place
palisades around them as before mentioned." The "as before mentioned" refers to
a grave that was ''seven or eight feet in the shape of a sugar-loaf." De Vries, Voyages, p. 164: New York, 1853.
~ "Leurs fosses sout de pet>ites loges creusees en rond comme des puits; on les natte en dedans de tons cotes avec des ecorces; et a,pres y a voir loge le cadavre, on y fait une voute presque an niveau dn sol avec des ecorces semblables, et des
pieux qn' on charge de terre et de pierres a une certaine hauteur, qui :fit aussi donner
a ce!'l tom beaux les noms tl' Aggel' et do Tumulus:" Moeu1·s cles Sanvages Arne1·iqnains, vol. n, ]J. 416.
li "Many of these heaps a,re to be seen in a,ll partA of the continent of North America.
- - - AUhongh the Mohawk Indians may be reasonably expected to have lost
theh primitive customs, by reason of their great intercourse with foreigners, yet I
was told by a gentleman of distinguished character that they observe the aforesaid
sepulchral custom to this day:" North Arne1'ican Indians, note to p. 185.
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home, buried him with great solemnity, and ever after when they passed
that way, visited the spot, usually singing a mournful song, and casting stones upon it."*
Among the tribes of the Algonquin family, as well as among those
inhabiting the Gulf States, anu which, for the sake of convenience, we
have called the Appalachians, the custom of erecting these stone heaps
or cairns seems to have been more or less prevalent. Vander Douck
tells us that the Indians of New Netherlands buried in graves, above
which "they placed a large pile of wood, stone, or earth/' and around
this ''they placed palisades resembling a small dwelling/' t In Virginia, according to Capt. Smith, the Powhatanic tribes had certain altar
stones which stand "apart from their temples, some by their hou~es;
and others in the woods and wilrlernesses; where they have had any
·extraordinary accident or encounter. As you travel by them they will
tell you the cause of the erection, wherein they instruct their children; so that they are instead of records and memorials of their antiquities.":j: In Lawson's account of his journey through the Carolinas
he speaks of a '' sort of tomb; as where an Indian is slain, in that very
place they make a heap of stones (or sticks, where stones are not to be
found); to this memorial every Indian that paRses by adds a stone to
augment the heap, in respect to the deceased hero."§ The Cherokees,
as we have seen above, also buried their dead in this same manner; II
and among the Chickasaws, Choctaws, and tribes belonging to the
Creek confederacy, with whom Adair lived and traded for so many
years, it was not unusual, in the woods, "to see innumerable heaps of
small stones in those places where, according to tradition, some of
their distinguished people ·were either killed Ol' buried till their bones
could be gathered; there they add Pelion to Ossa, still inereasing each
heap, as a lasting monument and honor to them mul an incentive to
great actions." ~T
Among some of the tribes living to the west of the Mississippi,
especially those inhabiting portions of the region now known as the
"J. V. II. Clark, Onondaga, Yol. I, 11.52: Syracuse, 1849. Mr. Clark seems to h:we
<lerive(l hi~:~ information as to th(• former cuRtoms ofthc Onondagas from the acconnt
furnished by La Fort (so ho wrote his own name), principal ehief of the Onondagas,
and "keeper of the council fire of the Six Nations/' ~who died Octoher5, 1848. Macauley, New York, vol. n, p. 239, says: "Sometimes they rai~;cd heaps of stones O\'er
the bodies of distinguished chiefs,'' bnt he does not giYc his authority for the statement.
t New York Hist. Coll., new series, vol. 1, p. 202. These Inuians were Lenni
Lenape, or, as we call them, Delawares, and their congeners. Except that sand was
used instead of stones or earth, the Indians of Plymouth, Mass., probably buried in
much the same manner. See Pnrchas Pilgrims, vol. IV, p. 1847, where the same comparison-" of the grave to an Indian house "-is used.
tPurcbas Pilgrims, vol. IV. p. 1702.
~ Hitdory of Cm·olina, p. 22: London, 171~.
II Bartram, Tra1•els. p. 3-18. A(lair, note top. 185.
~ IIist. of Xorth ..dmerican Indians, p. 184.
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States of Missouri, Kansas, and Arkansas, this same custom is said to
have obtained. · The Osages, as is elsewhere stated, erected, on one
occasion, a pile of stones, as a monument, when they were going to
war; and if we may credit the account given by Hunter of the manners and customs of this and some other Western tribes,* they sometimes, " at or soon after burial, cover the grave with stones, and for
years after occasionally resort to it, and mourn over or recount the
merits and virtues of its silent tenant." t This was not however the
only form of interment practiced among them, as we are told that "this
ceremony was performed differently, not only by different tribes, but
by the indiviauals of the same tribe,
the body being sometimes placed on the surface of the ground, between flat stones set edge
upwards, and then covered over, first by similar stones, and then with
* "What remains to be said of the Indians relates more particularly to the Osages,
although it will apply with almost as much propriety to the Kansas, Mahas, and
Ottawas. In fact, if we except the roving bands, the circumstances of the Indians
settled immediately to the west of the Missouri and Mississippi, are so very similar
that the delineation of any particular nation or tribe will answer for them all," etc. :
Hunter's Captivity, p. 213: Loudon, 1823. Exactly what amount of credence is to
be placed in these "Memoirs" is a point about which opinions differ. Gen. Cass, in
the North Am erican Revieio for January, 1826, makes a savage attack upon the
book, and introduces letters from John Dunn (whose name Hunter took, and who
had 11 treated him like a brother or son"), Gen. Wm. Clark, and others, to the effect
that they never knew any such person, and that it was not possible for the events of
which he speal's to have happened without their knowledge. This is to some extent
negative evidence, and does not amount to much; but even if it were true, and Hunter was a myth, and the work that bears his name was a compilation, it would only
invalidate so much of the narrative as refers to his personal experiences whilst a
prisoner. All the rest, including that portion devoted to a description of the 11 Manners and Customs of some of the 'Vestern Indians," would then become simply a
question of fact, and as such wonld have to be decided, as all such matters are, Ly a
comparison of authorities in order to see how far the statements are corrouorated.
Applying this rule of evidence, it will be found that the reviewer, and not the compiler, will suffer. To go no farther than the instances quoted in the text, we fincl
undoubted evidence that the Osages have, within the present century, built both
stone heaps and burial mounds; and that if they did not bury in stone graves, the
Delawares, Kickapoos, and Shawnees did, and these tribes can be shown to have
lived within the region and inside of the time covered by Hunter's narrative. If,
now, there were no such individtial as Hunter, as the reviewer plainly intimates,
then the compiler of the volnme that bears his name must have manufactured the
story out of whole cloth, which is not probable, or else he must have obtained his
information from some person who was cognizant of the existence at some time of
this form of burial among the Indians. If, on the other hand, Hunter was a real
personage, and the book is a genuine record of his experiences, then the statement
must be accepted as true, for the reason that it is not only antecedently very probable in itself, but because the account he has given of the customs of the trihes
among whom he clams to have been a prisoner, has not, as yet, been successfully,
impugned.
t Captivity, p. 309.

H. Mis. 334, pt. 1--37
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earth brought a short distance."* To judge from this description,
these graves do not differ from the so-called "stone graves" of Tennessee, and it need not surprise us therefore to hear that although
these "Indians do not pretend to auy correct knowledge of the tumuli
or mounds that are occasionally met with in their country," yet " there
are other elevations differing materially from the mounds
which were formerly, and are at present, exclusively devoted to burying their dead," and which '' are composed of stones and earth, placed
in such a manner as to cover and separate one dead body from an.
other,"t precisely as was the case in the stone grave mounds of the
Cum berland Valley. :j:
Nor is this the only kind of mound that thP. Osages are said to have
erected within the historic period, nor are they the only people of the
Dahcotah stock who have been accustomed thus to bury their dead.
Featherstonhaugh tells us that upon the unexpected death of one of
their chiefs called by the French Jean Defoe, which took place whilst
all the men of the tribe were hunting in a distant country," his friends
buried him in the usual manner, with his weapons, his earthern pot,
and the usual accompaniments, and raised a small mound over his
remains. When the nation returned from the hunt, this mound was
enlarged at intervals, every man assisting to carry materials, and thus
the accumulation of earth went on for a loug period, until it reached its
present heigl1t, when they dressed it off at the top in a conical form.
The old chief further said that he had been informed and believed that
all the mounds had a similar origin."§ According to Lewis and Clarke,
the Omahas, about the beginning of this century, erected a mound 12
feet in diameter and 6 feet high over the body of their chief, Blackbird, II and Catlin tells us that at the Red Pipe Stone Quarry can be
*Captivity, p, 355. See this ancl succeeding pages for a description of other modrs
of disposing of their dead temporarily as well as permanently. Similar stone graves
have been found at Augusta, Ky., and. according to Squier (.Abor. Mon. New York,
p. 129j, glass beads aml iron rings were found in some of them.
t l. c., pp. 307 and 308.
:j:For an acconnt of these graves and mounds, see the Repo1·ts of the Peabody
M 'useum of Ame1·ican .Archmology, otc., vol. n, pp. 305 and 261 et seq.: Cambridge,
1880.
~Excursion th1·o1l[Jh the Slave States, pp. 70-71.
The old chief further said
that "tbe tradition hacl been steadily transmitted down from their ancestors,
that the Whahsash (Osages) had originally emigrated from the East in great numbers, the population being too dense for their hunting grounds; he described the
forks of the Alleghany and Monongahela rivers, and the falls of the Ohio, where
they had dwelt some time, and where large bands had separated fi·om them, and
uistributed themselves in the surrounuing country." Th.is mound is probably the
same one which Beck (Gazettem· of .M issouri, p. 308) describes as being u one of the
largest monnds in this country, thrown up on this stream within thirty or forty
years, Ly the Osages, near the great Osage village, in honor of one of their deceased
chiefs."
II L~wis and Clarke, vol. I, p. 43: Philadelphia, 1814. Catlin, vol. n, p. 5, visited
this mound about 1832, and brought away the skull of th~ Qmu,ha~ chief. See hiE~
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seen" a mound of a conical form of 10 feet height," which had been
thrown up over the body of a distinguished young- Sioux, who- had
been accidentally killed whilst on a visit to that famous spot.*
Crossing the Mississippi, we are told that the Chippewas, an Algonquin tribe, having been successful in a battle with the Sioux, their
women and children "in celebrating the achievement, erected a m<?und
from the adjacent surface, about 5 feet in height, and in diameter 8 or
10 feet, upon the summit of which a pole 10 or 12 feet in length was
planted, and to this pole tufts of grass, indicating the number of scalps
and other trophies achieved, were tied; around this mound the warriors,
with their usual ceremonies, indulged in mirth and exultations over the
scalps of their fallen foes." t This, it will be noted, is not a burial
mound, but seems to have been thrown up to commemorate a victory,
and I mention it particularly, as it may serve to shed some light upon
the object or purpose for which the so-called anomalom; mounds of Mr.
Squier were constructed. That some of the Algonquin tribes were
however in the habit of erecting mounds over their dead does not admit of a doubt. De Vries (1642- Voyages, p, 163: New York, 1853)
tells us that the Indians about Fort Amsterdam (New York) ''form the
grave, 7 or 8 feet, in the shape of a sugar loaf, and place palisades
around it;" and in the Jesuit Relations for the year 1611, it is said that
the tribes in Maine and farther to the eastward "build a sort of pyramid" over their distinguished dead. According to McKenney, a former
superintendent of Indian affairs, the two mounds on Lake \Vinnebago,
Wisconsin, known as Le Grand and Le Petit Butte des Morts, were
erected over the bodies of a number of :Fox warriors who had been killed
in a battle that took place near that spot between that tribe and the
Iroquois.t Vander Donck, too, as we bave seen, is equally positive as
work for an account of how the mound was built. In Science for March 16, 1883,
Mr. Frank LaFleche, in a letter to Mr. Putnam, of the Peabody Museum, says: "I
made inquiries about the mound made by the Omahas, in which Big Elk was buried,
and was told that it was about as high as the shoulders of a tall man standing up,
and that he was buried with great ceremonies. His favorite horse was strangled to
death by his grave, and most of his horses and household goods were given to the
poor." This was about 1825-'30.
* North Arnerican Indians , vol. n, p. 170: London, 1876. He adds that the story
was related to him by the father of the young man, a Souix chief, who was "visiting the Red Pipe Stone Quarry, with thirty others of his tribe, when we were there,
and cried over the grave as he related the story."
t S. Taylor, in A-mer. J otw-. of Science, vol. XLIV, p. 22.
t From aged Indians "I learned that a long time ago a battle was fought, first
upon the spot upon which isLe Petit Butte des Morts, and the grounds adjacent, and
continued upon that and the surrounding country, upon which is found LeGrand
Butte des Morts, between the Iroquois and Fox Indians, in which the Iroquois were
victorious, killing an immense number of the Foxes at Le Petit Butte des Morts;
when, being beaten, the Foxes retreated, but rallied at LeGrand Butte des Morts, aud
fought until they were nearly all slain. - - - In those two mounds, it is said, repose the remains of those slain at those two battles:" McKenney, Jlfemnirs, etc., p. 84:
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to the erection of burial mounds by certain tribes of this family, and
the same fact may be inferred from the account given by Mr. J efi'erson •
of the opening of a mound that formerly stood on the low grounds of
the Rivanna River, and which evidently covered a number of those com·
munal interments of which we have already spoken. This mound was
surrounded by a ditch, was about 40 feet in diameter, and had been
about 12 feet high, before its height was reduced by cultivation. Trees
were growing upon it that measured 12 inches in diameter. It is true
that nothing is here said as to the time when, or the people by whom,
this mound wa::; built; but the circumstances u11der which it was revisited by a band of Indians in Mr. Jefferson's time,+ taken in connection with the size of the trees, the condition of the bones and the fact
that the mound was in close proximity, or "just opposite to some hills
on which had stood an Indian town," affords strong evidence that some
of the later interments found here must have taken place after the settlement of Jamestown in1607.
In regard to the practice of the Huron-Iroquois in this respect, our
accounts differ. Gen. Parker, in answer to the question whether the
Six Nations, after the arrival of the whites, ever erected mounds of
earth or stone over single graves, or at their general interments, says
positively that he had never heard of the existence of any such custom
among them, but that on the contrary they had always asserted that
the bone mounds were built by a race of people who had preceded them
in the occupancy of the land. He also says that the reasons assigned
for the erection of these tumuli, as well as the methods by which they
grew to their present size, were always given with great uniformity.
This is very high authority, and yet in the present instance it can.
hardly be regarded as decisive, for the reason that it is negative evidence,
and must give way to the positive testimony we have of the fact. Thus
for instance Colden, speaking of their single interments, tells us that
the Iroquois deposit the body in a. large round hole and raise the earth
in a round hill over it,:j: and in this he confirms the statements previously quoted ofLafitau and De Vries, the latter of whom (l. c., p.154),
describing the funeral ceremonies of the tribes living near the mouth of
the Hudson, tells us that "their manner of living is for the most part
New York, 1846. Other accounts represent this battle as having been fought between the Foxes on one side and the French and Menominees on the other. It is immaterial to me who were the parties engaged against the Foxes.
*Notes on Virginia, pp. 186 et seq.: Philadelphia, 1801.
t This visit took place about 1750, and is thus described: "On whatever occasion
they," the mounds, "may have been made, they are of considerable notoriety among
the Imlians: for a. party passing, about thirty years ago through the part of the
country where 1his barrow is, went through the woods directly to it, without any
instructions or inquiry; and having staid about it some time, with expressions which
were constr.ued to be those of sorrow, they returned to the high-road, which they had
left about half a dozen miles to pay this visit, and pursued their journey:" Ib., p. 191.
t Five Nations, Introduction, p. 16.
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like that of those at Fort Orange; who however are a braver and a
more martial nation of Indians-by name, the Maquas-as before
mentioned, '1nd who hold most of the others along the river to Fort
Amsterdam under tribute."
Of the bone mounds, or those which mark the site of one or more communal interments, our accounts, though somewhat meager, are not less
explicit. According to La Fort, the Onondaga chief, different forms of
burial existed among the Iroquois at different times, and he might also
have added at the same time, when the conditions were different. Thus,
in addition to the mode of interment already noticed, we are told that
when numbers were slain in battle they "were gathered and laid in
tiers one above another, and a high mound raised over them."* In partial confirmation of this, we have the statement of the Modern Senecas
that the mound on Tonawanda Island was the burial place of the Neuters,t a kindred tribe, who were destroyed by the Iroquois about the
middle of the seventeenth century; and there is also the mound visited
by the Rev. Mr. Kirkland in 1788, and though the condition of "the
bones upon its surface, and sticking out in many places on its sides,"
is totally incompatible with any such antiquity as is claimed for it, yet
there can be no reason why the account given by the Senecas of the
circumstances under which it was built may not be literaily true. Esspecially is this so, iu view of the fact that we have undoubted evidence
that at a counc.il, held in 1743, between the Onondagas and the Anticoque Indians, the latter " gave broad belts of wampum, 3 arm belts
and 5 strings; one was to wipe clean all the blood they had spilt of the
F'ive Nations, another to raise a tumulus over their graves, and to pick
out the sticks, roots, or stones, and make it smooth on the top." :j: This
is believed to be decisive of the matter, for construe the statement as
we may, there can be no doubt that the Iroquois, or the people with
whom they fought, were in the habit of building mounds over their
dead; and, so far as my argument is concerned, it is perfectly immaterial which of them did so, as the question is not what particular tribe
constructed these mounds, but were they built by the red Indians of
historic times?
South of the Ohio, in the States along the Atlantic coast, certain
tribes are said to have had the same custom. Lawson, describing the
manner of interment among the Sautees, one of the Carolina tribes,
says: "A mole or pyramid of earth is rais'd, the mould thereof being
work'd very smooth and even, sometimes higher or lower according to
the dignity of the person whose monument it is. On the top thereof is
an umbrella, made ridge-ways, like the roof of an house; this i8 supported by nine stakes, or small posts, the grave being about six or
* J. V. H. Clark, Onondaga, vol. I, p. 51.
t Marshall, Histo1·ical Sketches of the Niagam F1·ontim·, p. 8.
:j: John Bartram, Obser1·ations, etc., p. 62: London, 1751.
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eight foot in length and four foot in breadth."* In Florida proper we
are told that upon the death of a king be was buried with great
solemnity, and the shell from which he usually drank was placed on
the tumulus, around which many arrows were stuck up. Le Moynet
gives a picture of one of these graves-shell, arrows, and all-but
either the drawing is most abominably foreshortened, or else the
tumulus is too insignificant to come within the scope of our inquiry.
However, both this and the preceding interment belong to the class
caned single, and t:Uis may perhaps account for the size of the mounds
erected over them. In each of the localities referred to the communal
form of burial was also practiced, and in some cases, especially on the
peninsula, mounds covering interments of this character have been
found, which are not only of large size,+ but which, from the nature of
their contents, must have been thrown up after the arrival of the
whites. That the tribet:l inhabiting the Gulf States, including under
this bead the Chickasaws, Cherokees, Choctaws, and the Muscogees
!1nd their allies, were at one time in the habit of erecting mounds over
their dead does not admit of a doubt, though it is probable that the
custom, like many others connected with their funeral rites, died out
at an early day.
Adair tells us that "many of these heaps are to be seen in all parts
of North America; where stones could not be bad, they raised large
hillocks or mounds of earth, wherein they carefully deposited the bones
of their dead, which were placed either in earthen vessels or in a simple
kind of ark chests."§ According to De Brahm, "A large conical mound
near Savannah was pointed out to Gen. Oglethorpe as being the tomb
of the Y amacraw chief, who bad, many years before, entertained a
great white man with a red beard;" II and the evidence of the younger
(William) Bartram, to which we have so often bad occasion to refer,
is even more definite. Describing the burial customs of the Choctaws,
that writer says: "As soon as a person is dead they erect a scaffold 18
or 20 feet high in a grove adjacent to the town, where they lay the
corpse, lightly covered with a mantle; here it is suffered to remain,
visited and protected by the fi'iends and relatives, until the flesh
becomes putrid, so as easily to part from the bones, then undertakers,
who make it their business, carefully strip the flesh from the bones,
wash and cleanse them, and when dry and purified by the air, having
provided a curiously-wrought chest or coffin, fabricated of bones and
splints, they place an the bones therein, which is deposited in the bonebouse, a building erected for that purpose in every town. And when
* HistoTy of Ca1·oUna, p. 2L
t De Bry, plate xl.
tNaTmtive of Osceola, quoted oy Dr. Brinton in the Antm·ican Antiquarian for October, 1881.
§ Hist. of Amm·. Indians, note top. 185.
II Quoted in Antiquities of the Southern India11s, p. 131.
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this house is full a general solemn funC'ral takes place. When the
nearest kindred or friends of the deceased, on a day appointed, repair
to the bone-house and take up the respective coffins, and followiug- one
another in order of seniority, the nearest relations attending their respective corpse, and the multitude following after them, all as one
family, with alternate voice of Allelujah and lamentation slowly proceeding on to the place of general interment, where they place tlw
coffins in order, forming a pyramid; and lastly, cover all over with
earth, which raises a conical bill or mount."*
The third and last class of mounds that we shall consider are the
truncated, or, as they are sometimes called, temple mounds, with graded
ways to their tops. They are comparatively numerous south of the
Ohio, and are also found, though less frequently, as far north as the
middle of the tier of States that lie along the northern bank of that
river; but beyond this point they are believed to be u:1known. Of
their origin and use in the Southern States, and especially along the
line of De Soto's march, there is abundant proof. The chroniclers of
that enterprise are in full accord upon these I>Oints; and though it is
not possible to make out the itinerary of that expedition, yet there is
but little hazard in asserting that he was on both sides of the Mississippi, and visited. not only the Muscogees and Choctaws of the Gulf
States, but also the Cherokees (" Achalaque ") and Chickasaws of Tennessee, and the Quapaws (Capahas-Kappas) of northeastern Arkansas.
Among all these tribes there was a general uniformity in the methods
of building the cabins of their chiefs, and in laying out and fortifying
their villages. La Vega t tells us that the town and house of the
Cacique Ossachile were like those of all the other Caciques in Florida,
and assigns this as the reason why, instead of describing this particular
town and house, it was better to give one general account that would
answer for all. He then goes on to say that the Indians always endeavor to place their villages on elevated sites; but as such situations,
with the conveniences for building, are notal ways to be found in Florida,
'~they themselves throw up elevations in this manner. They choose a
spot to which they bring a quantity of earth, and this they pile up in the
shape of a platform, two or three !)ike's length in height, and large
enough on top to hold ten or twelve, :fifteen or twenty houses, in which
are lodged the Cacique and his attendants. At the foot of this mound
they lay out a square, proportioned to the size of the intended town,
* Tmrels through Fl01·ida, p. 516. On p. 139 he speaks of "sepulchres or tumnli
of the Yamasees, who were here slain by the Creeks in the last decisive battle, the
Creeks having driven them to this point, between the doubling of the river, where
few of them e~:;caped the fury of the conquerors. These graves occupied the whole
grove, consisting of 2 or 3 acres of ground; there were nearly thirty of these cemeteries of the dead, nearly of an equal size and form; they were oblong, 20 feet in
length, 10 or 12 feet in width, and 3 or 4 feet high, now overgrown with orange
trees, live oaks," etc.
t Histoire de la Flo1·ide, premiere partie, livre 2de, chap_ xxvii : Paris, 1709.
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and around this the principal men of the village build their cabins. The
common people are housed in the same manner, and thus they surround
the dwelling of their chief." To ascend this elevation they have a
graded way from top to bottom, in which the slope is so gradual that a
horseman can ride up without any difficulty. Excepting at this one
place, all the other sides are made so steep as to be difficult of ascent.
Elsewhere, in the town of Guachoule, on the head waters of the Coosa
River,* and near the country of the "Achalaque," the dwelling of the
chief is said to staud on a "mound, with a terrace around it wide
enough for six men to walk abreast." t ·-vv est of the Mississippi, among
the Capahas and their neighbors, it was the custom of the Caciques
to raise "near their dwellings very high hills, on which they sometimes build their huts;"+ and the Geutlemau of Elvas tells us that in
the town of Ucita, uear which DeSoto landed, aud which is supposed
to have been situated ou the west coast of Florida, "the lord's house
stood upon a very high mount, made by haud for strength."§ A few
years later, in Laudonniere's account of the ill-fated attempt of the
Huguenots to plant a colony on the northeastern coast of this same
Floridian peninsula, we have repeated allusions to "alleys," II wllich
are none other than the ''grand avenues" or Indian high ways, mentioned by Bartram as leading in a straight line from '' a pompous Indian
mount, or conical pyramid of earth, that stood on the site of an ancient
town, through a magnificent grove of magnolias, live oaks, palms, and
orange trees, to the verge of a large green level savanna."~
Passing over an iuterval of one hundred and fifty years, we find that,
among many of these same tribes, the custom still existed of erecting
mounds as sites for their habitations. The cabins of tlle Yazous,
Courois, Ossagoulas, and Ouspie tribes, living on the lower Mississippi,
are said to have been "dispersed over the country upon mounds of
earth made with their own hands, from which it is inferred that these
nations are very ancient, and were formerly very numerous, although
at the present time they hardly number 250 persons."** According to
Dn Pratz, the temple of the Natchez was about 30 feet square, and
was situated by the side of a small river, on an artificial mound, which
·was about 8 feet high, and sloped insensibly from the main front on
the north, but was somewhat steeper ou the other sides." The same
author also tells us that the cabin of their chief, or Great Sun, as he
was called, was placed upon a mound of about the same height, though
it was somewhat larger, " being 60 feet over on the surface." tt When
-~ Picket,

H·istory of Alabarna, vol. r, p, 8: Charleston, 1851.

t La Vega, seconde partie, p. 2.

t Biedma,

Hist. Coll. Lou·isiana, part u, p. 105.
of Elvas, l. c., p. 123.
II Hakluyt, vol. III, pp. 407 and 415.
~Travels tlu·ough Fl01·ida, pp. 103 and 521.
**La Harpe, in Hist. Coll. Louisiana, l)art III, p. 106.
tt History of Lonisiana, vol. u,pp, 211 and 188.
~Gentleman
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a chief died, these people demolished the cabin in which he had lived,
and raised a new mound, upon which they placed the dwelling of his
successor, as it was not customary for a chief to lodge in a house that
bad been previously occupied.*
Whether the Natchez erected the immense works found on the Washita River, near the outlet of Lake Catahoula, is a point about which
opinions may well differ. That they took refuge in the immediate
neighborhood of these works, if not on their very site, after the destruction of their village on the Mississippi, and ''built a fort," according to Du Pratz, or "fortified themselves," as Charlevoix states, is beyond question; but Judge Force,t who has examined into the matter
very thoroughly, is of the opinion that they were not permitted to hold
this position long enough to have constructed works of the size of those
found here. In this he is believed to be correct, though of course it
would all depend upon the number of those who had sought refuge on
this spot, and the earnestness with which they worked. As some indication of the time necessary to the erection of works of this character, the following fact, for which I am indebted to Lieut. Commander
A. R. McNair, U.S. Navy, will be of interest. According to that gentleman, upon one occasion in 1863, when coaling at the island of St.
Thomas, 150 negro laborers easily brought on board of the Powhatan,
in twelve hours, 100 tons of coal, using only baskets for that purpose.
Allowing 40 cubic feet to the ton, this would give a cube of coal, measuring 20 x 20 x 10 feet, moved m one day by 150 men; and with this as
the basis for a calculation, it will be seen that the length of time absolutely necessary to the construction of these works is not so great as
might be supposed.t However, this is a point upon which it is need*Father Le Petit, quoted in Hist. Coll. Louisiana, part ru, note to p. 142.
t Some considemtions on the Mound-builders, p. 77, and note B: Pamphlet, 1873.
Stoddard, Sketches of Louisiana, p. 350, speaking of the siz() of these works, says:
"Not less than five remarkable mounts are situated near the junction of the -washita,
Acatahoula, and Tenza, in an alluvial soil. They are all inclosed in an enbankment
or wall of earth, at this time 10 feet high, which contains about 200 acres of land.
Four of these mounts are nearly of equal dimensions, about 20 feet high, 100 broad,
and 300 long. The fifth seems to have been designed for a tower or turret; the base
of it covers an acre of ground; it rises by two stages or steps; its circumference
gradually diminishes as it ascends; its summit is crowned by a flattened cone. By
admeasurement, the height of this tower is found to be 80 feet.
t Strongly confirmatory of this view is the following extract from Isaac McCoy's
History of the Bapt,ist Indian Missiuns, etc., p. 27: "A little reflection will show
that the amount of labour required in their erection did not surpass the common industry of the savages. Suppose a mound to be 40 feet in diameter at its base, and
to rise by steps, 1 foot in heigllt and a foot and a half in depth, to the height of 13 feet,
with a level surface on the summit 4 feet in diameter. It would contain about 6,233
cubic feet of earth, or a fraction less than 231 cubic yards. To deposite on the mound
1 cubic yard of earth would be a moderate day's labour for 1 man. Therefore, the
erection of the mouu<l under consideration would employ 231 persons one day only.
Among the Indians, the women would perform as much of this kind of work as the
men, or perhaps more, and more than twice this number of persons able to labour
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less to insist, as the evidence is quite sufficient to show that the Natchez
did build both mounds and earth-works. Du Pratz states the fact positively,* and although it can not be proved that they threw up the embankment and other works on the Wachita, yet there is unquestionable authority for the statement that a short time after the destruction
of their stronghold here by the French under Perier, a band of them,
which had managed to escape the general ruin, made an attack upon
tl1e post of Natchitoches, during the course of which they were driven
back, and obliged to "dig a kind of entrenchment on the plain.'Jt
Among the Creeks and their allies, even as late as 1773-'75, we are
told that almost every town had a "chunk yard," surrounded by one or
two low embankments or terraces, in the center of which, on a low circular mound or eminence, stood a four-square pole or pillar, 30 or 40
feet high, to the top of which was fastened some object that served as
a mark to shoot at, with arrows or the rifle, at certain appointed times.
At one end of this yard, which was usually from 600 to 900 feet in
length and of proportionate breadth, was a square terrace or eminence
9 m· 10 feet high, "upon which stood the public squarfl," and at the
other extremity was a circular mound of about the same height, which
served as a site for their rotunda or winter council house.t The Cherokees too, as we have seen, utilized this class of mounds in much the same
manner, the council house in their town of Cowe, according to the same
author, occupying the summit of one that was said to have been 20 feet
high. If now we compare the method of laying out these towns, and
building the temples and council houses of these later Indians with that
described by La Vega, as having been followed by their ancestors a century and a half earlier, it will be seen that the resemblance is very great;
and although we are somf\times assured that the modern Creeks and
Cherokees could give no account of the origin or purpose of these earthen
structures, yet there can be no doubt that in Bartram's time these
are frequently at one village or one encampment.
- Within the Indian
Territory we have 94,000 inhabitants; one-fifth of these, or more, are competent to
labour. This gives 18,800 labourers; if each of these would, in the course of twelve
months, bestow only as much labour on the erection of mounds as would amount
to one day, 81 mounds would be built in one year." Washington and New York, 1840.
"Bes~des the statements quoted in the text, he says: "Le pied des pieux est appuye
en dedans par nne banquette de trois pieds de laarge, and autant de haut, laquelle
est elle-meme appnyee de piquets frettes de brancages verds, pour retenir la terre
qui est dans cette banquette:" Histoi,1·e de la Louisiane, vol. n, p. 435: Paris, 1758.
t Dumont, M6moires Historiques de la Louisiane, tome n, p. 200, says "Creuserent
dans la plaine une espece do retranchement oil ils se fortifierent.'' Charlevoix
(Nouvelle FTance, vol. rv, p. 293) uses the word "retranches."
+Bartram, MSS. published in .Anc. Mon. Miss. Valley, p. 121. Adair, Z. c., p. 421,
tells m; that "every town has a large edifice, which, with propriety, may be called
the mountain house. - - - It is usually built on the top of a hill; and in that
separate and imperial statehouse the old beloved men and head w::nTiors meet on
material business, or to divert themselves, and feast and dance with the rest of the
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tribes lived much as their fathers had done before them; and if they
did not build the mounds and chunk yards found in their midst they,
at least, used them for the same purpm;es for which they were originally erected.*
Inclosures.-Of the manner in which the nations east of the Mississippi fortified their villages our accounts are fuH and explicit. Palisades, as has been shown, were employed everywhere; but as this term,
alone, failf; to give an adequate idea of the methods by which the
Indians were accustomed to defend their more exposed villages, it
may be well to go into the matter somewhat in de'tail. To this end it
will be necessary again to resort to the early chroniclers; and although
this may prove tedious, yet it is unavoidable, as it is only by a study of
the manner of fortification practiced by the recent Indians that a clue
can be found to the mystery that surrounds the Ohio system of earthworks, to which we now must refer. Of the origin of these we are
without any written record whatever unless the traditions of the Delawares, Iroquois, and Natchez, as related by Heckewelder, Rafinesque,
Cusick, and Du Pratz, t should be accepted as such. This is of course
rather a serious obstacle to be met with at the outset of an investigation; but fortunately, in the present instance we have not far to go
in order to discover a reason for the seeming omission. It may be
found in the fact that after the destruction of the Eries, say about the
middle of the sevent~enth century, the whole of that region now known
as the States of Ohio and Indiana was virtually deserted, and sorernaiiled for upwards of fifty year~. Iroquois war parties swept undisturbed from the Niagara River to the Illinois, and whilst there may
have been villages of the Twightwees (Miamis) and their allies scattered about here and there, yet practically that whole section of
country was a solitude, unvisited by the trader, the soldier, and the
no less venturesome missionary, the only persons who could, in those
early days, have given us an account of what they saw and heard.
Of the tribes that may possibly oi.lce have lived here, the Shawneest
*Bartram, Trm:els, etc., p. 520.

t For the traditions of the Delawares consult chap. v of The American Nations, by
Prof. C. S. Rafinesque: Philadelphia, 1836. Du Pratz, vol. n, p. 146 (London, 1763),
speaking of the Natchez, says: "To give an idea of their power.! shall only mention
that formerly they extended from tho river Manchac or Iberville, which is about 50
leagues from the sea, to the river Wabash, which is distant from the sea about 460
leagues; and that they had about 500 s~ms or princes. From these facts we may
judge how populous this nation formerly has been; but the pride of their great suns
or sovereigns, and likewise of their inferior suns, joined to the prejudices of the
people, has made greater havoc among them and contributed more to their destruction than long and bloody wars would have done." In the above extract he refers
to the practice of human sacrifices upon the occasion of the death of any of the sums
or chiefs.
t "The countries and rivers of Ohio and Wabasche and circumjacent territory were
inhabited by our Indians, the Chaouanous, Miamis, and Illinois:" Memoir sent by
the King to Mr. Denonville, Gov. Gen. of New France, in Hist. Coll. of Louisiana,
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were now a broken and a scattered people, and the l\Iiamis had ueen
forced back until we find them seeking shelter under the guns of the
French fort ou the Illinois.* Such then being the condition of affairs
throughout this portion of the Ohio Valley during the latter part of the
seventeenth and the beginning of the eighteenth ceuturies, there was
nothing to tempt the trader, or attract the missionary; and hence the
absence of all mention of this region, save iu the occasional notices of
an Iroquois foray, or of the spasmodic attempts of their enemies at
retaliation. Later on, about the middle of the last century, the abovementioned tribes are found onee more established within this region,
having apparently retraced their steps. The Miamis are in western
Ohio and northern Indiana, and the Shawnees of the Delaware, having
been driven across the mountains, re-unite with their kindred from
Georgia, and are settled in the valley of the Scioto, where singularly
enough their villages are in the immediate neighborhood, if they do
not occupy the very sites, of the famous mound centers of Chillicothe
and Portsmouth. t Indeed, we are told that about A.. D. 1750, at this
latter point, their village was situated on both sides of the Ohio River,t
just as is the case ·with the mounds and embankments found there
to-day.
·
Of course it is not pretended that all the works in these valleys were
erected subsequent to this date, and it is quite probable that not one of
those of large size was, but that some of them were built after the arrival
of the whites, a hundred and fifty or two hundred years earlier, is
proved by the contents of mounds opened at Circleville and Marietta;
and that these same Indians, or their immediate descendants, have
within comparatively recent times "encompassed their villages with
ditches and walls," as well as palisades, is evident ti·om the account
new series, 1875, p. 137. "Formerly, divers nations dwelt on this river"-Hohio" as the Chawanoes (Shawanees), a mighty and very populous people, who had above
fifty towns, - - · - who were totally destroyed or driven out of their country by
the Irocois, this river being their usual road when they make war upon the nations
who lie to the South or to the vVest:" Coxe's Carolina, in Hist. Coll. Louisiana,
part n, p. 229. For an account of all that is known historically of the wanderings
of the Shawnees, see Judge M. F. Force, Sorne Ea1·ly Notices of the Ind·ians of Ohio:
Pamphlet, Cincinnati, 1879.
"Tonti, in Hist. Coll. Louisiana., part I, p. 66. "The Iroquois, after expelling the
Hu1·ons and exterminating the E1·ies, who inhabited the country bordering on the
Great Lakes, which now bear their names, events which happened about the years
1650 to 1660, took possession of their vast territory, and retained it for more than a
century after. Their hunting country, which they once occupied, is now embraced
in the State of Ohio, and while in their possession was called Carrahague:" Appendix to Morse's Repod, p. GO. At the treaty of Fort Stanwix, in 1768, they sold all
that region of country now known as the State of Kentucky, claiming it by right of
conquest: See Butler's Kentucky, p. 378: Louisville, 1834.
t Schoolcraft, Indian 1'Tibes, vol. vr, p. 277. Croghan, Journal, in Appendix to
Butler's Hist. of Kentucky, p. 462: Cincinnati, 1836.
+Christopher Gist's Jonrnal, in Appendix to Pownall's Topogmphical Descript-ion,
p. 10: London, 1776. See also Croghan's Jo1u·nal.
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Schoolcraft has left us of his visit to Prophetstown, on the Tippecanoe, and to the sites of other Indian villages in Indiana and Illinois.*
These facts are undoubtedly of importance in indicating the phase of
civilization that had been reached by the builders of some-perhaps
the smaller and more recent-of these works; but they do not enable
us to connect even inferentially those of the larger size with any particular tribe, owing to the fact that there was such a long interval of
time, when Ohio, so far as we know, was virtually uninhabited. If it
were possible to show that previous to the settlement of the Iroq no is in
western New York a Shawnee confederacy had occupied the Ohio
Valley, as Rafinesque t so confidently asserts, our task would be much
simplified. It would then be apparent that in returning here these
people were but reoccupying their old homes and hunting grounds; and
as they can be shown to have defended themselves within comparatively recent times behind ditches and breast-works,+ and as they must
from the necessities of the case have erected all the mounds that were
built within that region subsequent to the landing ofthe whites, there
would certainly be nothing forced or illogical in the inference that they
had constructed the older and larger series of works during the palmy
days of their confederacy, some hundreds of years before the time of
which we are now speaking. Unfortunately however Rafinesque fails to
make good his statement; and though tlle evidence, drawn from other
sources, bearing upon this point is sufficient to furnish the hasjs for a
very plausible theory, yet it does not afford a satisfactory foundation
for an inductive argument, and hence it is altogether omitted.
For these reasons, then, we are without any historical evidence as to
the origin of the works in the northern 11art of the Ohio Valley, and
as there is no probability that any will ever be discovered, we are
obliged to fall back upon the comparative method in order to see
whether there are any such differences between the hill forts and fortified villages of southern Ohio and those found in western New York
and in some of the Southern States as would authorize the inference
that they were the work of a people in a different stage of civilization.
Beginning with the "forts," as Governor DeWitt Clinton§ calls them,
of western New York, we are told that they were generally speaking
erected upon the most commanding ground, and were surrounded,
*Schoolcraft, Travels in Central Pm·tion of the Mississippi Valley, pp. 12H, 323.
t Refinesque, Ancient Annals of Kentncky, p, 25: Frankfort, 1824.
+Gist, in p. 12 of the Appendix to Pownall's Topographical Descr·iption of Parts
of North Arnerica, London, 1776, speaks of a "fort" of the . Twightwees; and Croghan, in 1765, found a "breastwork" near the month of the ·wabash, which, in one
account, is ''supposed" to have been erected by the Indians; but in another the
fact is stated positively.
.
~This account is made up from Clinton's Discourse in Collections of the N. Y.
Hist. Soc., vol. n, p. 90; Squier, A bm·iginal Monutnents of New Yorkj Moulton, History
of New York, vol. I, part I; Clark's Onondaga, etc., etc.
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either wholly or in part, by ditches and earthen walls. The palisades
ijhat once stood on some of these embankments* had long since rotted
away, and in their places were growing oak trees which, from the
number of concentric circles, must have been three hundred years old;
and there were evident indications, not only that they had sprung up
since the erection of these works, but that they were at least a second
growth. The trenches were, in some cases, deep and wide, and in
others shallow and narrow; and the breastworks varied in height from
3 to 10 feet. Iu one case near Elmira they are said to have been 14
feet wide at the base. t There were oue or more entrances to these
forts, from one ofwhich a "covered way" sometimes led to the water.t
The form of these inclosures was determined by the nature of the
ground; and in area they varied from 2 to 6 acres, though occasionally
they were much larger, as, for instance, the one near Livonia, N.Y.,
which contained 16 acres,§ and the one 14 miles from Sacketts Harbor,
which, according to Moulton, "covers 50 acres."! I That they were
very numerous is evident from Squier's estimate, placing them at from
200 to 250 ;11 and as they seem to have made up in number what they
lacked in size, it is equally evident that taken in mass the amount of
labor involved in their construction must have been immense. It would
qe a grave mistake however to regard this as a measure of the populousness of this region, since it probably resulted from the custom of
the Indians of changing their village sites every "ten, fifteen, or thirty
years," or in fact whenever the scarcity of fire-wood, the exhaustion of
their fields, or the prevalence of an epidemic made such a step desirable.**
This is a brief general description of these inclosures as they appear
to-day; and if we compare them with the "defensive works" as depicted
in Ancient Monuments of the Mississippi Valley, it will be seen that
they are very like those along the southern shore of Lake Erie, as well
as the smallest of those in the Ohio Valley; and that they do not
differ, except in size, from those found in the same valley, which are
usually ascribed to the mound-builders. In situation, form, and structure they are the same, and as both were covered with heavy forests,
there can be no difference urged between them upon the score of antiq-

--------------~

"MSS. of Prof. E. N. Horsford in Abor. Mon. of New York, p. 38.
t Abo1·. Mon. of New Ym·k, p. 38.
t Kirkland MSS. quoted in Moulton, New York, pp. 16 anc117. Iu one case he
speaks of a "covered way in the middle of a stockade down to the water;" in the
other he says, "a way was dug to the water."
§ Alwr. Mon. of Nmv Ym·k, p. 44.
liZ. c., p. 15.
1T Abm·. Mon. of _New Yo·rlc, p. 11. Compare Moulton, p. 18, who says that on the
south side of Lake Erie, for ~t distance of 50 miles, "is a series of old fortifications,
some of which are from 2 to 4 miles apart, others half a mile only."
* '¥ Sagard, Voyage des Hu1·ons, tome I, p. 81: Paris, 1865.
La Vega, I, p. 265:
Paris, 1709.
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uity. The relics, too-especially the implements and ornaments of stone,
bone, and shell-that are found under similar circumstances within or
near these two series of works are identical in form and finish; and the
best specimens of the Iroquois black pottery, described by Morgan* as
being of various designs and sizes, and of such ''fine texture as to admit a tolerable polish, and so firm as to have the appearance of stone,''
can not have been very different from the same class of articles that
have been taken from the mounds in the Ohio Valley. Indeed Mr.
Squier t says that the terra cottas of western New York compare favorably with anything he had yet seen of native workmanship; and that
the earthen pipes, said by Morgan to be nearly as hard as marble. fancifully molded in the form of animals and of the human head, are so
"hard, smooth, and symmetrical as almost to induce doubts of their
aboriginal origin."
ln view of these manifold resemblances, too numerous and too close
to have been the result of accident, it behooves us to inquire into the
origin of the earth-works in western New York. According to Mr.
Squiert they were, one and all-mounds as well as embankments" erected by the Iroquois or their western neighbors;" and he bases
this opinion upon a comparison of the "relics and traces of occupancy"
that are found within these abandoned inclosures with those which
mark the sites of towns and forts that are known to have been occupied by the recent Indians. These he declares to be identical, as is
also their pottery, whilst their pipes and ornaments are said to be indistinguishable. "The indications of aboriginal dwellings are precisely
similar, and, so far as can be discovered, have equal claim to antiquity.
Near many of these works are found cemeteries, in which well-preserved
skeletons are contained, and which, except in the absence of European
*League of the Iroquois, p. 354. The Indians everywhere east of the Mississippi
and south of the lakes had made great progress in the manufadure of earthenware.
Thus we are told that "the Roanoke Indians have earthen pots, large, white, and
sweet:" Hakluyt's Voyages, III, p. 304. The Creeks, Chickasaws, etc., "make
earthen pots of very different sizes, so as to contain from 2 to 10 gallons; large
pitcher5 to carry water; bowls, dishes, platters, basins, and a prodigious number
of other vessels of such antiquated forms as woulcl he tedious to describe and impossible to name. Their method of glazing them is, they place them over a large fire
of smoky pitch pine, which makes them smooth, black, and firm:" Adair, p. 425.
Among the Natchez these vessels were ''d'un assez beau rouge:" Du Pratz, n, p.
179: Paris, 1758. "The Naudowessies make black pottery nearly as hard as iron:"
Carver, pp.101-223. West of the Mississippi, at Naguatex, there are vessels made of
clay which differ very little from those of Estremoz and Montremor:" Knight of
Elvas in Hist. Call. Louisiana, part n, p. 201. In Ancient Society, note to p. 530.
·Morgan, on the authority of Mr. F. A. Cushing, tells us that "the Iroquois ornamented their jars and pipes with minature human faces attached as buttons;" and
as this style of ornamentation is believed to be somewhat unusual, it may be well
to say that, in the Peabody Museum at Cambridge, there are several bowls of black
pottery, from stone graves in Tennessee, which are ornamented in this manner.
t Abo1·. Mon. of New York, p. 13 and chapt. v.
:j:l.
p. 82.
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art, differ in no essential respect from the cemeteries found in connectjon with the deserted modern towns all<l 'castles' of the Indians."
This is certainly a very strong statement of the case, and if we add
that the Huron-Iroquois were accustomed to fortify their forts or castles
with a ditch and wall, the latter surmounted by a stockade, it wiH be
seen that Mr. Squier had good and sufficient reasons for attributing all
these works to the recent Indians. Indeed, now that the palisades
that once inclosed the villages known to have been occupied by the
Iroquois have rotted away, there is no structural difference to be seen
between them and any of the earthworks of western New York; and
as these, in their tur11, are identical in this respect with the hill forts
of the Ohio Valley, it must follow, if the Iroquois or their western
neighbors erected the New York series of these works, that there is
no reason why these same western neighbors, or a people in the same
stage of civilization, could not have built those in Ohio and still further to the west, due regard being had to their population and to the
necessity for such defenses. Thus for instance whilst a weak or
peaceful tribe, in the midst of enemies, won1d find it necessary to
fortify themselves at every point, a strong and warlike people, of whom
their neighbors stood in awe, would be relieved of this necessity, except in the direction from which they anticipated danger. This was
forcibly exemplified in the Base of the Iroquois,* when in the heyday of
their power; and it may still be seen in New Mexico, where the Pueblo
of Taos is, or was until very lately, "surrounded by an adobe wall,
strengthened in some places by rough palisades,"t whilst their more
warlike neighbors, like the Apache and the Navajo, have not found
such defenses necessary or even desirable.
Of the method practiced by the Huron-Iroquois of fortifying their
villages, our accounts are very full and explicit. Parkman,+ whom it is
safe to follow, in an admirable sketch of the Hurons, tells us that the
defenses of this family of tribes, "like their dwellings, were, in essential
points, alike. A situation was chosen favorable to defense-the bank
of a lake, the crown of a difficult hil1, or a high point of land in the fork
of confluent streams. A ditch _several feet deep was dug around the village, and the earth thrown up on the inside. Trees were then felled by an
alternate process of burning, and hacking the burnt part with stone
hatchets, and by similar means were cut into lengths to form palisades.
These were planted on the e1J?-bankment in one, two, three, or four concentric rows," the whole being crossed and interlaced after them:;tnner of
a chevaux-defrise, and lined within to the height of a man with heavy
sheets of bark. At the top, where the palisades crossed, was a gallery
"Morgan, p. 314.
t Bancroft, Native Races of the Pacific States, vol. I, p. 664.
+Jesuits in .A1n"twica, p. xxix of the Introduction: Boston, 1874.
p. 314; Lafitau, vol. n, pp. 3 et FJeq.; Sagard, Voyage dot! Hu1'Qns~

1856.

-

Compar~

:p:p.
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of timber for the defenders, together with wooden gutters, by which
streams of water could be poured down on fires kindled by the enemy.
There was no mathematical regularity in these works, their form being
determined by the nature of the ground. Frequently a precipice or
river sufficed for partial defense, and the line of embankment occurs
only on the exposed sides. We are also told that in erecting these
works it was probable that the palisades were planted ~rst, and the
earth afterwards heaped on both sides in the manner described by
Cusick* and La Hontan. t .At an early day the Jesuits taught the
Hurons to build rectangular palisaded forts with bastions, and the
Iroquois, whose forts are said to have been stronger and more elaborate
than those of the Hurons, soon adopted the same practice, omitting, in
some cases, the ditch and the embankment. .Among the .Algonquin.
tribes of southeastern New York a similar method of fortification seems
to have prevailed. .According to Van der Donck, t the Indians of New
Netherlands," in their villages and castles always build firm, strong
works. They usually select a situation on the side of a steep, high hill,
near a stream or river, which is difficult of access except from the water,
and inaccessible on every other side, with a level plain on the crown
of the hill, which they inclose with a strong stockade in a singular
manner. First they lay along on the ground large logs of wood, and
frequently smaller logs upon the lower logs, which serve for the foundation of the work. Then they place strong oak palisades in the ground
on both sides of the foundation, the upper ends of which cross each
other, and are joined together. In the upper cross of the palisade
they then place the bo<.lies of trees, which makes the work strong and
firm. These castles are considered very strong, and they frequently
contain twenty or thirty houses, some of which, by actual measurement,
are 180 yards .(sic) long, and about 20 feet wide. Besides these strongholds they have other villages and towns, which are also inclosed."
The Pequots of Connecticut were a kindred tribe, and Vincent,§ describing their fort near New London, says: " Here they pitch, close
together as they can, young trees and half trees as thick as a man's
thigh or the calf of his leg. Ten or twelve foot high they are above the
ground, . and within rammed 3 foot deep with banking, the earth
being cast up for their better shelter against the enemy's dischargements." .A fort of the Narragansetts is said to have had an exterior
ditch, II and we are told that a party of Mohegans, having invaded Block
*In vol. v of Schoolcraft, Indian Tribes, p. 637.
t Travels, vol. n, p. 67: "'rhe Hurons set up pales and fasten them with earth."
' ' The Indians are more skillful in erecting their fortifications than in building their
houses; here you see villages surrounded with a good palisade and with redoubts:"
Charlevoix, Lettm·s, ii, p. 127: London, 1761.
'
tNetD Netherla1ids, p. 197.
~Mass. Hist. Coll., third series, vol. VI, p. 39.
II Dwight's Tmvels, Yol. III, p. 23: New Haven, 1822.

H. Mis. 334, pt. 1--38
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Island, were driven to a high bluff and starved to death, though not
until they had found means to "dig a trench around them, toward the
land, to defend them from the arrows of their enemies." * In 1637 the
Algonquins, living at Trois Rivieres, Carmela, being alarmed at the
rumor of an Iroquois attack, strengthened their fort by erecting a secand row of palisades, distant from the first about a foot and a half, and
filling the intervening space with fascines and earth. t According to
Charlevoix, the Outagamis (Foxes), in 1712, made an attack upon the
French post at Detroit, and having been repulsed, took refuge in a fort
where they were well entrenched (retranches ). The fire upon them, however, was so steady that they were obliged to get into a ditch 4 or 5
feet deep (Se mettre a quatre 01t cinq pieds en terre). Taking advantage
of a lull in the firing, they made themselves masters of a house that
was left standing near their fort and raised a redoubt (redoute). + Being
eventually driven from this stronghold, they retired to a peninsula that
jutted into the lake, where, to the number of five hundred men and
three thousand women and children, they shut themselves up in a fort,
surrounded by "three rows of oak palisades with a deep ditch behind."§
Elsewhere, as we have seen, tribes in Illinois and Indiana belonging to
this same family have defended themselves in a similar manner within
comparatively recent times; and in the narrative of Conrad Wiser, the
interpreter~ we are told of a place in Pennsylvania where "the Indians,
in former times, had a strong fortification on a height. It was surrounded by a deep ditch; the earth was thrown tip in the shape of a
wall, about 9 or 10 feet high, and as many broad. But it is now (1741)
in decay, as from appearance it had been deserted beyond the memory
of man." II
In Virginia the Indians, according to Capt. Smith, had" pallizadoed
towns, mantelled with the-barkes of trees, with scaffolds like mounts." ~f
There is no mention of a ditch or of an embankment, and as a rule
there seems to have been but one row of palisades, though when they
would be very safe" they treble the pales." Sometimes they" encompassed their whole town, but for the most part only their kings' houses,
~wd as many others as they judge sufficient to harbor all their people,
when the enemy comes against them."** This mode of defense was kept
up in Carolina until the final expulsion of the Indians, as we are told that
the Tuscaroras (1712-'13) built their forts in this manner, and upon one
occasion, when besieged by the whites, they refused to surrender until
"Mass. Hist. Coll., third series, vol. VI, p. 197.
t Le Jenne, Relation, 1637, p. 83. In the original it reads: "Avec dessein de ren'plir ce vuide de fascines et de terre."
t Nourelle France, vol. IV, pp. 97 and 98.
§ Ibicl., p. 1f6.
II Published in vol. IV, Schoolcraft, Indian Tribes, p. 326.
~ Purchas Pilg1·ims, vol. IV, p. 1715.
"" Beverly, book In, p. 12.
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cannon were planted within a few yards of their walls.* In the States
still farther to the south, the same method of fortification was practiced. LeMoyne, the artist of Laudonniere's expedition, gives a picture
of one of these villages, t which is surrounded by a single row of palisades, twice the height of a man, set close together. The entrance is
narrow, drawn in after the manner of a snail shell, and is further defended by two small round buildings, with slits and holes for observation, something like an old-fashioned sentry box.
In the Gulf States, including under this head portions of Tennessee
and Arkansas, the Indians have been in the habit of fortifying their
vilages with ditches and stockades from the time of De Soto down to the
beginning of the present century. As late as 1814 the position of the
Creeks, at the battle of the Horseshoe, is said to have been protected
by a line of earth-works from 6 to 8 feet high,:j: and about 1735, almost
a century earlier, the Chickasaws met the attack of Bienville in a
stockaded fort, and standing waist deep in a ditch.§ Going back still
further, we are told by the Portuguese gentleman II that the wall around
a town belonging to the Cacique of Co~a, as well as that "of others
which afterwards we saw, was of great posts thrust deep into the
ground, and very rough; and many long rails, as big as one's arm, laid
across between them, and the wall was about the height of a lance, and
it was daubed within and without with clay, and had loopholes." The
town of Mauvila was situated iu a plain, and consisted of eighty houses,
the smallest of which, according to La Vega, might contain six hundred
persons. It was surrounded by a high rampart, palisaded with heavy
beams of wood planted in the ground, and \vith timbers placed crosswise. The vacant places were filled in with earth mixed with straw,
so that the wall looked like a piece of masonry. At every 50 paces
there was a small tower with loopholes large enough to hold eight
men. The town had two gates and a large square in the middle, which
was surrounded by the principal houses.~ West of the Mississippi
·was the village of Capaha, which is said to have consisted of five hundred houses. It was situated on a little hill, surrounded by a ditch 10
" Martin, Korth Cm·olina, vol. I, p. 251: New Orleans, 1829.
t De Bry, plate xxx.
:j: Schoolcraft, Indian T1·ib es, vol. VI, p. 372.
§ Hist. Coll. of Lonisiana, part u, p. 83: 11 Surrounded by timber 1 cubic foot placed
circularly with three rows of loopholes; the Chicachas were bedded to the stomach in
the earth/' etc. "A large village, surrounded by a kind of wall made with potter's
clay and sand, fortified with little towers at intervals, where we found fastened to
a post the arms of Spain engraved on a copper plate, dated 1588." Cavelier in Shea's
Early Voyages, p. 21, Albany, 1861. "The old village of the Akansea, where they
formerly received the late Father Marquette, and which is discernible now only by
the outworks (dehors), there being no cabins left." Father Gravier in Shea's Early
Voyages, p. 126.
II Hist. Coll. of Louisiana, part u, p. 153.
~La Vega, seconde partie, p. 19.
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or 12 cubits deep, and 50 paces wide in most places, and in others only
40. This ditch was kept full of water by means of a canal that had
been dug from the town to the river Chucagua. The canal was 3
leagues long, a pike's length at least in depth, and so broad that two
large boats could navigate it side by side. The fosse, filled by this
canal, surrounds the city except in one place, which is closed by heavy
posts planted in the ground, and fastened by means of others placed
crosswise, the whole being covered with earth and straw. Within this
town was the temple, in which were deposited the bones of the ancestors of the Capaha chief. This the Indian allies of De Soto pillaged,
breaking open the coffins and scattering the bones. They also removed
the heads of their countrymen, who had been killed in previous wars,
and substituted those of the Capahas who had fallen in the recent battle.* This is the account left by Le Vega of this village, and though
it is evidently exaggerated, as are all of his descriptions, yet there can
be no doubt that it is substantially true, as it is confirmed in all important particulars by the other chroniclers of that expedition. Thus,
for instance, Biedma t tells us that " they reached a village in the midst
of a plaiu, surrounded by walls and a ditch which had been made by
the Indians, filled with water;" and, according to the Knight of Elvas,t
this town, which he calls Pacaha, "was very great, walled, and beset
with towers, and many loop-holes were in the towers and wall.
Where the governor was lodged was a great lake that came near unto
the wall; and it entered into a ditch that went round about the town,
wanting but a little to environ it around. From the lake to the great
river was made a w~ar by which the fish came into it.
- With
nets that were found in the town they took as much as they would;
and took they never so much, there was no want perceived. Within a
league and a half there were other great towns all walled."
Proceeding still farther to the northwest, we are told that, within the
present century, the Mandans, Arikaras, and other tribes living high
up on the Missouri, when they were first visited by the whites, were
accustomed to fortify their towns by ditches, embankments, and palisades. Lewis and Clarke made repeated mention of recently abandoned
Indian villages, surrounded by earthen walls, which in one case at
least, are said to have been 8 or 10 feet high;§ and Brackenridge,[[ who
visited these same tribes in 1811, tells us of a citadel or fortification
oval in form, and 4 or 5 acres in extent, around which a village had
*Ibid. Seconde partie, livre second, chap. vi and vii. Compare this with the
account of the Temple of the Tensas, by Tonti, on p. 42.
t Hist. Coll. of Louisiana, part n, p. 105.
:j: Z. c., part n, p. 172.
§Lewis and Clarke, vol. r, pp. 62, 92, 94, 97, 98, 108, etc.: Philadelphia, 1814. "The
Omahas and Pawnees too, so I am told by Miss Alice C. Fletcher, formerly dug
ditches around their villages, and made walls from 3 to 5 feet high."
II Vieu·s of Louis·iana, p. 242. He adds: "Probably, in case of siege, the whole
village was crowded into this space."
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apparently been built. The earthen wall that inclosed this fort was
about 4 feet high, and upon it cedar posts were still standing. Struck
with the resemblance, "in every respect," between these ruins and the
"vestiges," as he calls the earth-works on the Ohio and the Mississippi,
he very justly concluded that these latter were but the sites of stockaded
towns and villages;* and this inference is borne out by the fact that on
some of them "the remains of pallisadoe-; were found by the first settlers." t
That this resemblance is not altogether fanciful will be admitted by
those who have followed the course of this investigation, though it is
possible that the comparison would be more just if it were limited to
the hill-forts of the Ohio Valley. Defensive works of the character of
these latter seem to have been the same everywhere, and whether built
by Iroquois, Chickasaw, Mandan, or :Mound-builder, admit of no distinction in situation, form, or structure. Not so however with the
class of works to which the term fortified village has been applied.
These are groups rather than single works, and though primarily nothing but mounds, ditches, and embankments, and as such differing in
nowise, except perhaps in size, from similar structures elsewhere, yet
they are often arranged in such a complicated manner as to have but
little in common with the inclosures, north of the Ohio, that are known
to have been erected by the modern Indians. For their counterparts
we must look to the Gulf States, Georgia and Arkansas, and it is possible that, even here, they will be found to be neither so large nor so
complicated. Upon this point however it is necessary to ~'make haste
slowly," as our knowledge of the earth-works in the Southern States is
very slight; and there can be no doubt that the statement of the Portuguese Gentlemant as to the existence of" great and walled towns, and
many houses scattered all about the fields, to wit: a cross-bow shot or
two, the one from the other," taken in connection with what is known
of the manner in which the~e tribes built their houses and fortified
their villages, is suggestive of a condition of affairs strongly resembling
the famous mound centers of the Ohio Valley.§ In all other respects,
*Ibid., p.183. Compare Catlin, vol. n, pp. 259 et. seq.
t Ibid., p. 21.
:j:l.
pp. 160, 169, 170, 144, and 172. The Indians everywhere throughout this
region built their villages in groups, some of which were very large. Upon this
point consult the other chroniclers of De Soto's expedition and the narratives of
Father Douay, p. 204, and Gravier, pp. 133, 138, and 148; also Adair, p. 352, and
Charlevoix, Lettel's ii, p. 245 et seq.: London, 1761.
§A series of explorations, under the auspices of the Peabody Museum of American
Archmology and Ethnology, has recently been conducted amid the mounds and village sites of the northeastern portion of Arkansas-the region that the Capahas are
supposed to have inhabited in the time of De Soto, and where they wer@ found by
Fathers Douay and Charlevoix in 1687 and 1721-and H is curious to note how the
statement of the old chronicler as to the existence of" walled towns within a league
or a league and a half of each other" js verified. See Fou1•teenth A11nual Rep01·t of
the Peabody MuseunL, p. 19, where we are told that "these mounds are usually sur-
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the works of the Southern Indians, such as they have been described
by the early chroniclers, will compare favorably with anything of the
same character that has yet been found in the United States. The
truncated or temple mounds are far more numerous in the States south
of the Ohio than anywhere else in the Mississippi Valley, and except
in one or two notable instances, are of larger size; whilst the artificial
ponds, with canals to feed them, are believed to be peculiar to that
region.
Of the other earth-works-the stone cairns, burial mounds, graded
ways, ditches, and embankments-it can only be said that they are common to both sections, and that the only difference between them is in
their size, or in the order in which they are sometimes grouped together.
Even in these particulars the ad vantage is not always on one side, for
the reason that there is no uniformity in any of the works, and whilst,
as a matter of fact, the largest and most complicated group of the Ohio
system exceeds anything that has yet been found in the Gulf States, it
is equally true that there are mounds and embankments south of the
Ohio that are larger than are many of those found to the north of that
stream. Between the giant mass of the Cahokia, Ill., mound and the
long lines of embankment on Paint Creek, Ohio, and their counterparts
in Mississippi* aud elsewhere in the Southern States, t the difference is
much less than it is between these same works and the average of those
of similar character in the northern half of the Ohio Valley. But even
if there were no such differences, and the groups in the Ohio system of
works were uniformly of larger size and more complicated pattern than
can he found elsewhere in the United States, the fact would still be
. without any ethnical significance; otherwise we should have to admit
that there existed in the Ohio Valley at or about the same time, and in
close proximity to each other, as many different races or phases of civilization as there are groups of works, and this would be absurd.
With the establishment of this point, my task is brought to a close.
In it I have confined myself almost entirely to the historical proof of
the recent origin of these works, and except incidentally, have ignored
the argument that may be drawn from the similarity of burial customs,
and from the identity of the implements and ornaments found in the
rounded by earthworks and ditches, forming inclosures of from 3 or 4 to 18 or 20
acres;" and the MS. field notes of the late Mr. Ed win Curtiss, now in the Peabody
Museum, for the relative situation of some of these inclosures.
·=- The great mound at Seltzertown, Miss., according to Brackenridge, Appendix to
Views of Louisia-na, was a truncated pyramid 600 by 400 feet, and 40 feet in perpendicular height. It was ascendell by graded ways, and the area on top embraced
about 4 acres. At each end of this area, and near the center, were other mounds,
one of which was about 40 feet high, with a level space at. its summit 30 feet in diameter. The whole was surrounded by a ditch that averagedlO feet deep.
t For the size of some of these works, see ante, foot-note t on page 585. Compare
also Squier, Abo1·ig. Mon. of the Miss. Valley, pp.113 et seq., and Jones, Antiquities of
the Southern Indians, p. 1631 New York, 1873.

THE MOUNDS OF THE MISSISSIPPI VALLEY.

599

mounds with those that are known to have been made and used by the
recent Indians. This has not proceeded from any failure to appreciate the full. ethnical significance of these resemblances, nor has it been
caused by any lack of material; but it has been the result of the limits
voluntarily placed upon the investigation. At some future time it may
be necessary to revert to this subject, and then it will be competent to
show that the "vestiges of art" found in the mounds "do not excel in
any respect those of the Indian tribes known to history."* In the
meantime we can well afford to content our~elves with this brief and
cursory examination into the early records. Summing up the results
that have been attained, it may be safely said, that so far from there being any a prior,i reason why the red Indians could not have erected these
works, the evidence shows conclusively that in New York and the Gulf
States they did build mounds and embankments that are essentially
of the same character as those found in Ohio. And not only is this
true, but it has also been shown that whilst for reasons that have been
given, we are without any historical account of the origin of the Ohio
system of works-the only one about which there seems to be any dispute-yet there can be no doubt that one of the more elaborate of them,
viz: the mound at Circleville, in which were found articles of iron and
silver, was built after contact with the whites, and therefore by therecent Indians.
In view oftheseresults, and of the additional fact that these same
Indians are the only people, except the whites, who, so far as we know,
have ever held the region over which these works are scattered, it is
believed that we are fully justified in abandoning the seemingly negative position occupied at the outset of this argument, and in claiming
that the mounds and inclosures of Ohio, like thoRe in New York and
the Gulf States, were the work of the red Indians of historic times, or
of their immediate ancestors. To deny this conclusion, and to accept
its alternative, ascribing these remains to a mythical people of a different civilization, is to reject a simple and satisfactory explanation of a
fact in favor of one that is far-fetched and incomplete; and this is
neither science nor logic.
- - - - - -- · - - - - - - - - - - - - - - -

"J. W. Powell, in Transactions of the Anthropological Society of Washington, p. 116:
Pamphlet, 1881.

THE USE OF FLINT BIJADES TO WORK PINE WOOD.*
(EPOCH OF THE ANCIENT SHELL HEAPS.)

By G. V.

SMITH.

In the discussions which have been going on for more than thirty
years concerning the division of the Stone age in Denmark into two
periods, that of the shell heaps, and that of the megalithic monuments,
one of the principal o~jections made to the theory of W orsaae has
always been that the blade~ simply chipped could not be employed
as axes, and ought, upon the whole, to be taken out of the list of cutting instruments. t
These implements have however when they are in good condition,
a sharp border, analogous to an edge, which has always been produced
by the same process, that is to say, by striking off a single chip from
each side of a flint disc so as to form an edge by the line of intersection of the two faces, whose angle of inclination is not ordinarily
larger than the corresponding angle of the cutting pa1-t of the polished
axes. But objection has been made that this sharp border is not suitable for an edge, consequently the implement could not be employed
as an ax.
If we examine with care the great series of chipped blades which
are found in such abundance in the National Museum of Copenhagen,
as well as in other Danish collections, we find out however that in all
the examples in good condition, the cutting part is precisely like an
edge, whether we regard the form or the idea of a cutting tool, also
from this point of view it does not seem rational that this kind of edge
would have been merely accessory in the chipped blades and that
they did not have any importance in the eyes of those who made
use of these implements. It is then difficult to understand why
there is any hesitation in considering them to have been cutting implements, especially when it is possible to show the successive development of the forms, from the largest blades to the most complete
* From Aarbcpger fer nordisk Olrlkyndighed og Historie, 1891, 2 ser., vr, fasc. 4,
pp. 383-396, a.ml rendered into French by E. Beauvois, in Mern. d. l. Soc. Roy. d.
Antiq. du }{o1·d. Copenhagen, n. s. 1891, pp. 99-110.
t Mem. d. l. Soc. d. Antiq. du Nord. 1884-'89, 371.
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types of edged instruments made in the usual manner for blades and
approaching more and more the published flint axes.
Blades with a perfect edge are rare, naturally; for it was not worth
the trouble to recut them, and those were thrown away which could
not be used. The edge produced by simply striking off two fragments
of flint, viTithout doubt, had not the resistance of an edge made by polishing; but as the ancients did not experience any difficulty in making
new blades, the frailty of the edge would not be of any great importance, as they had flint in abundance. It is this which naturally explains the great quantity of blades more or less damaged, which are
found, not only on the Danish borders and in the shell heaps, but anywhere in the interior of the country.
The question of the use of these blades ·as cutting instruments has
already been fully treated, especially by Dr. Sophus Miiller.* I will
not go into details. The theoretical part of the subject has also been
exhausted. It only remains to prove by practical experiments how far
the blades, when furnished with handles, can cut wood.
The success of these experiments ought to be a strong argument in
favor of those who hold that flint blades of the ancient shell-heap epoch
have been used in the same manner as polished tools from the last
period of the Stone age, that is to say, as cutting or chopping instruments, and as weapons. I have undertaken these experiments, and
give here the results. The co-operation of an able assistant was indispensable to me. So I called. in the aid of a master carpenter of Aarhus,
M. Helstrup, who has shown great interest and aptitude in the subject in assisting me in the practical part of the work.
The blades used have been hafted partly in imitation of the stone
axes which are to be found in the National Museum of Copenhagen
(Department of Ethnology), and partly after the cuts in works on
Arch::eology.t In trying the different kinds of mountings, it was decided that the most advantageous form is one copied from works on
the construction of pile dwellings of the Swiss Lakes, I made a maple
handle 7 centimeters (2-}! inches) in diameter, and about 58 centimeters
(23 inches) in length, preserving this thickness about 12 centimeters
(4i inches) from the end, and then tapering it slightly to the other end.
As the blades placed at my disposal for the experiment were relatively
small, I could not fasten them directly into the handle; the edge would
have been so near the handle that it would have made the work difficult, especially in cutting down trees, where it would have been necessary to strike at an open angle; besides, in a handle of this kind it
was difficult to give stability to the stone blade. The blades would be
*"Classification of the antiquities of Denmark, Copenhagen," 1888. Mem. d. l. Soc.
d. Antiq. du Nord., 1884-'89, p. 731. Aarb. f. Nord., Oldkyndighed, etc., 1888, 1890.
t J. Evans: Ancient Stone Implements of Great Britain. F. Sehested: F01·tidsminder
og Oldsager fra Egnen ont Broholnt, et A1·chmologishe Underlogelsm·, 1878-1881. Keller:
Pfahlbauten, Mittheil, d. A.ntiquar, Gesellsch in Ziirich.
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mounted more advantageously in an intermediate piece, like those
which were generally made for the axes of stone in handles found in
the Swiss lake cities. First of all, by that means, it became posaible
to fix them immovably in the helve; and secondly, which was most
essential, to place between the edge and the handle the distance appropriate for the use of the implement. The intermediate pieces which I
used were of elm or beech 0.12 to 0.13 meter (4i to 5 inches) long, 0.4 to 0.5
met(}r (16 to 20 inches) wide, and 0.3 to 0.4 meter thick. These were split
at one end to insert the blade, and the interstices were filled with a kind
ofpitch used by saddlers. After having wrapped with a piece of leather
the two sides of the blade which protrud.e d beyond the cleft, 'this was
tightly bound with cord. The other end of the intermediate piece was
rounded and slightly pointed so as to be more easily introduced into
the corresponding hole in the handle. This hole was bored obliquely
in the middle of the thickest part of the handle, in such a way that the
blade formed an obtuse angle with the upper extremity of the handle.
This arrangement was found to be necessary, for otherwise it would
not have been the middle of the edge which struck the tree but the
outer corner; that is to say, the one farthest from the hand. This
point would have soon been probably broken, which would not be the
case when the edge was properly set in an oblique position. This solid
hafting was like those used in Denmark in primitive times, and the
dowel of wood in which is set a blade found in the fiords of Kolding
and represented on page 392 of the memoir of S. Miiller, served as
an intermediate piece.
With these blades thus hafted I have executed the works here described on green pine, not that the kind of wood plays an important
part in these experiments, for it is to be supposed that blades cutting
one kind will do as much on all other kinds of the same hardness; but
as most of the forests of Denmark during the stone age consisted nearly
exclusively of pines, as Prof. Steenstrup has demonstrated, I have made
my investigations on the Pinus silvestris of different sizes cut down in
the woods of Frijsenborg in the beginning of January, and I have continued them from the 27th to the 31st of the same month.
I. A stick of pine wood 0.0555 meter in diameter, which was fixed perpendicularly on a work-bench, was cut in two in three-quarters of a
minute; it did not break off until it had been reduced to 0.007 meter
in diameter; the severed piece was sharpened like a pile.
II. Another stick, 0.1225 meter in diameter, placed in the same position was cut in ten minutes. It was broken oft' by force when it was not
more than 0.02 meter in diameter.
III. A stick placed in the same position was cut in eighteen minutes;
it broke off when it was 0.05 meter. It was necessary to strike 1,578
blows to do the work. At the 1,485th strike a little fragment separated
itself from the edge. Even at the beginning the edge struck accidentally
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on a piece of iron which made it bound, and caused a small fragment
0.03 meter long and 0.003 meter thick to fly off one of the corners
without diminishing the sharpness of the axe.
These three experiments were made with the same blade, 0.075
meter long, of gray flint, of which the edge, a little concave, was
0.065 meter in width. At one of the corners of this some chips were
wanting, having been broken off before the experiment. It was otherwise in a good condition, and very sharp, only having serrations here
and there. The shorter of the beveled faces is a little curved and
this made the blade slightly convex. The scarfs produced by the cutting were perfectly regular and exact, and the surface, left by the
removal of the chips would have been also quite smooth if the serrations of the edge had not. left some inequalities.
IV. In striking some blows on a pine pole, dry and not planed, 0.03
meter thickness, I have proved that the same blade would quite as
wei! cut harder wood.
It would have been naturally much easier to fell a sapling standing
than to cut the blocks fixed on a stand, for the wood yielded in a manner to compress the fibers in one way and expand them in the other;
the blows penetrated better in the latter case.
V. A log of pine 0.13 meter in diameter, fixed on a table, was cut in
eight minutes with the ax. It is a blade of gray flint 0.07 meter long,
of which the convex and uneven edge is 0.0675 meter wide. Before the
experiment the edge was a little damaged in the middle and did not
work as well. The chips were short and the incisions uneven. The
part separated from the log which was pointed with the ax used in the
first three experiments, shows the surfaces equal and nearly polished.
VI. One of the logs had the knots which I had succeeded in avoiding in the preceding experiments. \Yith a blade whose edge was
extraordinarily straight and regular, but a little thick (the bevelled
parts show an angle of inclination of 45°), I cut with the greatest
ease these knots, of which the largest was 0.03 meter in diameter,
without any marks thereof appearing on the edge. The thickness
of this ax, on the contrary, makes it cut with less facility into
wood soft and without knots. To ascertain the limits of resistance in
this blade, I struck with all my force, almost perpendicularly, a large
knot remaining on a branch cut on the stump. The branch was standing horizontally. The edge penetrated in the knot 0.01 meter, but the
same time the ax split, and the thick fragment broke off about a third
of the edge and all the narrow face of the ax, which came off from the
head.
VII. The experiment showed to me that the little blades could perfectly take the place of chisels.
VIII. With the same instruments used as chisels I shaped two logs
to mortise and tenon. All the logs of the experiment were still covered
with bark.
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These experiments clearly showed me with what astonishing easiness and relative rapidity the pine could be felled with these blades.
With the primitive implements one is able, not only to cut large trees,
but to perform the work of less complicated carpentry, without the
cutting edge becoming very readily deteriorated. If one considers, in
addition, that Lhe carpenters of antiquity were particularly skillful and
clever in the use of blades, one can with reason now consider that these
were used as "edged tools," and the experiments here described have
convinced me that the large blades were employed as axes.

MODES OF KEEPING TIME KNOWN AMONG THE CHINESE.

*BY D. J. MAGOWAN, M.D.

According to the Shu-king, we find that forty-five centuries ago the
Chinese had occupied themselves with the construction of astronomical
instruments analogous to the quadrant and armillary sphere; the
observations they made with them, even at that remote period, are
remarkable for their accuracy, enabling them to form a useful calendar.
The present sexagenary cycle was adopted B. c. 2636, by H wangti, to
whom is attributed the invention of the clepsydra. The instrument at
that period was probably very rude, used principally for astronomical
purposes in the same manner as employed by Tycho Brahe for measuring the motion of stars, and subsequently by Dudelz in making maritime observations. It was committed to the care of an officer styled
the clepsydra adjuster.
Duke Chan, the alleged inventor of the compass, about B. c. 1130,
appears also to have been the first to employ the clepsydra as a timepiece. He divided the floating index into one hundred lcih, or parts.
In winter forty kih were allotted for the day and sixty for the night;
in summer this was reversed, the spring and autum being equally
divided. This instrument was provided with forty-eight indices, two
for each of the twenty-four tsieh, or terms of the year. They were con- ·
sequently changed semi-monthly, one index being employed for the day
and another for the night. Two were employed every day, probably to
remedy in a measure the defect of all clepsydras, i. e., of varying in the
speed of their rise and fall, according to the ever-varying quantity of
water in the vessel, which might be done by having the indices differently divided. To keep the water from freezing, the instrument was
connected with a furnace, and surrounded with hot water. The forms
of the apparatus•have been various, but they generally consisted of an
upper and a lower copper vessel, the former having an aperture in the
bottom through which water percolated into the latter, where floated
an index, the gradual rise of which indicated successive periods of time.
*]!~rom

Oh·inese Repository, July, 1851.
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In some this was reversed, the float being made to mark time by its fall.
A portable one was sometimes employed in ancient times on horseback.
Instruments constructed on the same principles were in use amongst
the Chaldeans and Egyptians at an early period; that of Ctesibius of
.Alexandria being an improvement over those of more ancient times.
The invention in Western Asia was doubtless independent of that in
Eastern, b~th being the result of similar wants. Clepsydras were subsequently formed of a succession of vessels communicating by tubes
passing through figures of dragons and other images, which were rendered still more ornamental by the indices being held in the hands of
genii. The earliest application of motion to the clepsydra appears to
have been in the reign of Shunti A. D. 126-145, by Tsiang-hung, who
constructed a sort of orrery representing the apparent motion of the
heavenly bodies around the earth, which was kept in motion by
dropping water. There is also a reference to an instrument of this
description in the third century.
In the sixth century an instrument was in use which indicated the
course of time by the weight of water, as it gradually came from the
beak of a bird, and was received in a vessel on a balance, every pound
representing a kih. About this time mercury began to be employed in
clepsydras instead of water, which rendered the aid of heat in winter
unnecessary. Changes were made also in the relative number of kih
for day and night, so as to vary with the seasons as in Europe. Monks
of the Romish Church devoted considerable attention to the construction of instruments for measuring time; in like manner also, Budhist
monks in their silent retreats, but at an earlier period, similarly occupied themselves. Several contrivances to measure time are mentioned
in Chinese history as the invention of priests. One was a perforated
copper vessel, placed in a tub of water, which gradually filled and sunk
every hour; such a rude machine required of course constant attention.
Although their knowledge of hydro-dynamics is limited, the Chinese
appear to have been the first to invent the form of clepsydra to which
the term water clock is alone properly applied-that is to say, an apparatus which rendered watching unnecessary by striking the hours.
Until the beginning of the eighth century the persons employed to
watch the clepsydra in palaces and public places struck bells or drums
at every kih, but at this period a clock was constructed, consisting of
four vessels, with machinery which caused a drum to be struck by day
and a bell by night, to indicate the hours and watches. No description of the works of this interesting invention can be found. It is possible however that the Saracens may have anticipated the Chinese in
the invention of water clocks. In the History of the Tang Dynasty it
is stated that in the Fuhlin country (which in this instance doubtless
means Persia, though the geographer Sii makes it Judea), there is a
clepsydra on a terrace near the palace formed of a balance whicb. contained twelve metallic balls, one of which fell every hour on a bell, and
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thu~:; struck the hours correctly. It is not improbable that this instrument is identical with the celebrated one which the King of Persia sent
in the year 807 to Charlemagne.
In 980 au astronomer named Tsiang made an improvement on all
former instruments, and considering the period it was a remarkable
specimen of art. The machine was arranged iu a sort of minature terrace, ten feet high, and was divided into three stories~ the works being
in tlte middle. Twelve images of men, one for every hour, appeared in
turn before an opening in the terrace. Another set of autornat<L struck
the twelve hours and the eighths of i':lUCh hours. These figures occupied the lower story. The upper story was devoted to astronomy,
where there was an orrery in motion, which it is obvious must have
rendered very complex machinery necessary. \1\Te are only told that
it had oblique, perpendicular, and horizontal wheels, and that it was
kept in motion by falling water. As the Arabs had reached China by
Kea a,t the close of the eighth century, and by land at an earlier period,
some assistance may have been derived from them in the construction
of this instrument, lmt I am disposed to consider it wholly Chinese.
Beckmann, after much learned researcb, ascribes the inventiou of elockt;
to the Saracens, and the first appearance of their instruments in
Europe to the eleventh century.
Mention may here be made of other time-keeping instrumeuts of the
same description, itlso coustructed about this period. One, which
like the last united an orrery and clepsydra, was formed in oue part
like a water lily, whilst in another were images of a dragon, a tiger, a
uird, aud a tortoise, which struck the kih on a drum, and a dozen
pnppets which struck hours on a bell, with various other motions,
besides a representation of the revolutions of the heavenly bodies. The
machinery of another of these was moved by au undershot \Yaterwbeel, its axis was even with the surface of the ground, and conseqneutly the frame containing it was partly below the surface. The
motious of the sun and moon, stars and planets, ·w ere made to revolve
from east to west around a figure of the earth, represented as a plain.
Images of men struck the hour and its parts. In this, as in all the
above-name<l instruments, the number of strokes was doubtless always
the same, as Chinese do not count but name the hours.
Another machine was contrived which also represented the motion
of the heavenly bodies. It was a huge hollow globe, perforated on its
surface so as to afford, when lighted up, a good representation of the
sky in the dark. This also was set in motion by falling water. Subsequent to this various machines are mentioned, but the brief notices
given aftord nothing of interest until we approach the close of the
Yuen dynasty. Slmn-tsing (A. D. 1330-'60), the last emperor of the
Mongol race, described in history as an effeminate prince with the
physiognomy of a monkey, was evidently a man of great mechaHical
skill, and to the last amused himself by making models of vessels,
H. Mis. 334, pt. J --3D
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automata, and timepieces. His chief work was a machine contained
in a box 7 feet high and 3~ wide, with three small temples on top.
The middle of these temples had fairies holding horary characters, one
of which made her appearance every hour. Time was struck by a couple
of gods, and it is said they kept it very accurately. In the side temples
were representations of the sun and moon respectively, and from these
places genii issued, crossing a bridge to the middle temple, and after
ascertaining, as it were, the time of day from the fairies, returning
again to their quarters. It is thought the motions were in this case
effected by springs. An instrument somewhat similar is described as
being in the capital at Corea; it was a clepsydra, with springs representing the motions of the celestial orbs, and having automata to strike
the hour. Since the introduction of Europe.a n clocks, clepsydras have
fallen into disuse. The ouly one perhaps in the empire is that in a
watchtower in the city of Canton.* It is of the simplest form, having
*This clepsydra is found on top of a gateway called Shwang-muu ti, standing in
the street called Hiung chin fang, leading north from the great South Gate to the
Puching sz' office. This street, or ayeuue, is more than 50 feet wide, and this double
gateway crosses the street in its widest part like Temple Bar in London, each passage being about 20 feet across. The structure is Yery strongly built, and is ascended
by stone steps on the outside; on the top is a two-storied red loft, called Kung-peh
lau, the upper story of which serv es as a repository for the blocks used in the
printing office in the lower story From this printing office are issued statistical
and other official works, under the direction of the Puching sz'. In the middle wall
is a vault, and the ground sounds hollow underneath. The statistics of Kwang chan
fu (Canton) gives the following notices of the edifice: "The Kung-peh lau lies
south of the Puching sz' office, and was called the Tsinghai ] au in the Tang dynasty;
it stood between two hills, which Sin Hien levelled, and there erected a double
stone gateway. The General Sz'ma Kih in A. D. 1100, re-built it, and called it the
Double Gateway; it was destroyed about 1330, and re-built as before by Hungwn in
1380, and again repaired in 1654 by Shunchi, and by Kanghi in 1687. On the top is
:::, clepsydra, which the officer Chin Yungho made in 1315, during the reign of
Jintsung."
The clepsydra is called the tnng-tvu-tih-lan, i. e., copper jar dropper, and is placed
in a separate room, nndeY the supervision of a man who, besides his stipend and
perquisites, obtains a livelihood by selling time-sticks. There are four covered
copper jars standing on a brickwork stairway, the top of each of which is level
with the bottom of the one above it; the largest measures 23 inches high and broad,
and contains 70 catties, or 97t pints of water; the second is 22 inches high and 21
inches broad; the third is 21 inches high, and 20 inches broad; and the lowest
23 inches high and 19 inches broad. Each is connected with the other by an open
trough, along which the water trickles. The wooden index in the lowest jar is set
every morning and afternoon at 5 o'clock, by placing the mark on it for these hours
even with the cover, through which it rises and indicates the time. The water is
clipped out and poured back into tLe top jar when the index shows the completion
of the hnlf da.y; and the water is renewed every quarter. Two large drums stand
in the room, on ·which the watchmen strike the watches dnringthe night. Probably
rt ruder contrivance to divide time can hardly be found the world over, and if it
-wns not for the clocks and watches evPrywhere in nse, which easily rectify its
inaccuracies, the Cantonese ''"onlcl soon be grealily behindhand in their reckoning,
so fal" as they had to depentl on thi s clepRyclra and the time-sticks which are hnrnt
to regulate it.--Rclito1' ChineBe RepoBitory (July, 1851).
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no movements of any kind, but it is said to keep accurate time. The
Chinese automata so much admired, are in their internal structure imitations of foreign articles.
In dialling the Chinese have never accomplished anything, being deficient in the requisite knowledge of astronomy and mathematics. It
is true the projection of the shadow of the gnomon was carefully observed at an early llistoric period for astronomical purposes. Proper
sun-dials were unquestionably derived from the West; but they were
not introduced, as Sir John Davis supposes, by the Jesuits. The Chinese are probably indebted to the Mohammedans for this instrument,
although we find an astronomer endeavoring to rectify the clepsydra
by means of the sun's shadow, projected by a gnomon, abou~ a century
earlier than the Hejira. There is one in the Imperial Observatory at
Peking more than 4 feet in diameter. Smaller ones are sometimes met
with in public offices, all made under the direction of Romish missionaries or their pupils.
From remote antiquity a family named Wang, residing in Hiu-ninghien (latitude 290 53' N., longitude 118° 17' E.) in the province of
N ganhwui, has had the exclusive manufacture of pocket compasses,
with which sun-dials are often connected. In most of these a thread
attached to the lid of the instrument serves as a gnomon without any
adaptation for different latitudes, although they are in use in every
part of the empire. Another form, rather less rude, used by clockmakers for adjusting their timepieces, is marked with notches, one for
each month of the year, to give the gnomon a different angle every
mohth. The one used by the J apane~e exceeds that made in China in
every respect.
Time is often kept with tolerable accuracy in shops and temples by
burning incense sticks made of sawdust, carefully, but slightly, mixed
with glue, and evenly rolled into cylinders two feet long, and divided
off into hours. When lighted, they gradually consume away without
flame, burning up in half a day. Hour-glasses are scarcely known in
Cl1ina, and only mentioned in dictionaries as instruments employed in
western countries to measure time. A native writer on antiquities
says the western priest, hi Ma-tan (M. Hicci), made a clock which revolved and struck time a whole year without error. The clock brought
out by Ricci, if not the first seen in China, is the earliest of which mention is made in Chinese history. This subsequently became an article
of import, and this branch of trade has for a long time been, and is
still, of considerable value. Clocks and watches of very antique appearance are often met with, specimens of the original models scarcely
to be found in any other country. Some of the latter, by their clumsy
figure, remind one of their ancient name, "Nuremburg eggs," but their
workmanship must have been superior to that of most modern ones. or
they would not be found in operation at this late day.
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The Chinese must have commenced clock-making at an early period,
for no one now engaged in the trade can tell me when or where it originated, nor can it be easily ascertained whether their imitative powers
alone enabled them to engage in such a craft, or whether they are indebted to the Jesuits for what skill they possess. It is certain that
the disciples of Loyola had for a long time, and until quite recently in
their corps at Peking, some who were machinists and watch-makers
One of these horologists complains in Les Lettres Edi.fiantes that"his.
time was so much occupied with mending the watches of the grandees
that he had never been able to study the language. Doubtless the
fashion which Chinese gentlemen have of carrying a couple of watches,
which they are anxious should always harmonize, gave the man con·
stant employment. A retired statesman of this province has published
a very good account of clocks and watches, accompanied with drawings representing their internal structure in a manner sufficiently intelligible. The Chinese divide the whole day into twelve parts, which
are not numbered, but each one is designated by a character, termed
horary. These characters were originally employed in forming the
nomenclature of the sexagenary cycle, which is still iu common use.
It was not until a much later period that the duodecimal division of
the civil day came into use, when terms to express them were borrowed from the ancient calendar. The same characters are also applied to the months. The first in the list, tsz' son, is employed at the
commencement of every cycle, and to the first of every period of twelve
years, and also to the commencement of the civil day, at 11 P.M., comprising the period between this and 1 A. M. The month which is designated by this term is not the first of the Chinese year, and singularly enough coincides with January. Each of the twelve hours is
divided into kih, answering to a quarter of an hour. Tllis diurnal division of time does not appear to have been in use in the time of Confucius, as mention is made in the spring and autumn annals of the ten
hours of the day, which accords with the decimal divisions so long
employed in clepsydras, the indices of which were uniformly divided
into one hundred parts. A commentator in the tllird century of our
era, explaining the passage relating to the ten hours, adds a couple of
hours, but even at that time the present horary characters were not
employed.

NAVAJO DYE STUFFS.*

By Dr. WASHINGTON MATTHEWS, U. S. Army.

The art of weaving among the Navajo Indians of New Mexico and
Arizona is of aboriginal origin. They probably learned the art from
the ancient Pueblo Indians. No native tribe has carried it to such perfection nor in any has European influence had less effect.
Material for .fa,brics.-Cotton which grows well in New Mexico and
Arizona, the tough fibers of yucca leaves and the :fibers of other plants,
the hair of different quadrupeds, and the down of birds furnished in
prehistoric days the materials of textile fabrics in this country. While
some of the Pueblos still weave their native cotton to a slight extent,
the Navajos grow no cotton and spin nothing but the wool of the
domestic sheep, of Spanish introduction, and of which the Navajos
have vast herds. The wooi is not washed until it is sheared. It is
combed with hand combs purchased from the Americans. In spinning, the simplest form of the spindle, a slender stick thrust through
the center of a round wooden disk, is used. The Mexicans on the Rio
Grande use spinning wheels, and although the Navajos have some of
their own, and have abundant opportunities for buying or stealing
them, and possess, I think, sufficient ingenuity to make them, they
have never abandoned the rude implement of their ancestors. The
Navajo method of handling the spindle is djfferent from that of the
people of Zufii.
The Navajos still employ, to a great extent, their native dyes; of
yellow, reddish, and black. There is good evidence that they formerly
had a blue dye; but indil[o, originally introduced, I think, by the
Mexicans, has superseded this.
Specimen No. 1, Catalogue No. 153348, is wool dyed blue with indigo,
the mordant being urine. If they in former days had a native blue
and a native yellow, they must also, of course, have had a green, and
they now make green of their native yellow and indigo, the latter being the only imported dye-stufi' I have ever seen in use among them.
Besides the hues above indicated, the people have had, ever since the
introduction of sheep, wool of three natural colors-white, rusty black,
-• "Navajo \Veavers:" Third Annual R eport, Btwean of Ethnology, 1881-'82, p. 375.
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and gray-so they have always a fair range of tints with whieb to
execute their artistic designs. The brilliant red figures in their finer
blankets were, a few years ago, made entirely of ba,yeta, and this material is still largely used. Bayeta is a bright, scarlet cloth, with a long
nap, much :finer in appearance than the scarlet strouding which forms
such an important article in the Indian trade of the North. It was
originally brought to the Navajo country from Mexico, but is now supplied to the trade from our eastern cities. The Indians ravel it and
use the weft. While many handsome blankets are still made only of
the colors and material above described, American yarn has lately become very popular among the Navajos, and many fine blankets are
now made wholly, or in part, of Germantown wool.
Yellow.-There are, the Indians tell me, three different processes for
dyeing yellow; two of these I witnessed. Tbe first process is thus
conducted. (Specimen No. 2, Catalogue No. 153349, is wool dyed by
this process.)
The flowering tops of Bigelovia graveolens are boiled for about six
hours, until a decoction of deep-yellow color is produced. When the
dyer thinks the decoction is strong enough, she heats over the :fire in
a pan or earthen vessel some native almogen (an impure native alum),
until it is reduced to a somewhat pasty consistency; this she adds
gradually to the decoction, and then puts the wool in the dye to boil.
From time to time a portion of the wool is tal\:en out and inspected
until (in about half an hour from the time it is first immersed) it is
seen to have assumed the proper color. The work is then done. The
tint produced is nearly that of lemon color. (No. 2.)
In the second process they use the large fleshy root of a plant which,
as I have never yet seen it in fruit or flower, I am unable to determine.
The fresh root is crushed to a soft paste on the metate, and, for a mordant, the almogen is added while the grinding is going on. The cold
paste is then rubbed between the hands into the wool. If the wool
does not seem to take the color readily a little water is dashed on the
mixture of wool and paste, and the whole is very slightly warmed. The
entire process does not occupy over an hour, and the result is a color
much like that now known as "old gold."
The dull reddish dye, specimen No. 3, Catalogue No. 153350, is made
of the bark of the Alder, Alnus incaua var. ~vires('ens (Watson) and the
bark of the Cercocarp~ts parvifoli~ts, a kind of mountain mahogany. On
buckskin this makes a brillbnt tan color, but applied to wool it produces a much paler shade, as shown in the specime:q. (No. 3).
The orange dye, Specimen No.4, Catalogue No.153351, is made from
the roots of a sorrel Rumex hyrnenosfpal1un.
Specimen No. 5, Catalogue No. 153352, is wo{)l, half natural white
and half dyed black, carded together.
Blaclc dye.-The black dye, specimen No.6, Catalogue No. 153353, is
made of the twigs and leaves of the aromatic sumac (Rhus aromatica,),
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a native yellow ocher, Specimen No. 7, Catalogue No. 1I)3354, and the gum
of the pinon (Pinus edtttUs), Specimen No.8, CatalogueNo.153355. The
process of preparing it 1::; as follows: They put into a pot of water some
of the leaves of the sumac, and as many of the branchlets as can be
crowded in without much breaking or crushing, and the water is
allowed to boil for five or six hours until a strong decoction is made.
While the water is boiling they attend to other parts of the process.
The ocher is reduced to a fine powder between two stones and then
slowly roasteCI. over the fire in an earthen or metal vessel until it assumes a light-brown color; it is then taken from the fire and combined
with about an equal quantity in size of pinon gum; again the mixture
is put on the fire and constantly stirred. At first the gum melts and
the whole mass assumes a mushy consistency; but as the roasting progresses it gradually becomes dryer and darker until it is at last reduced
to a fine black powder. This is removed from the fire, and when it has
cooled somewhat it is thrown into the decoction of sumac, with which
it instantly forms a rich, blue-black fluid. This dye is essentially an
ink, the tannic acid of the sumac combining with the sesquioxide of
iron in the roasted ocher, the whole enriched by the carbon of the calr,ined gum.
The effect and color of the dyes are shown in the accompanying
specimens on wool of the Navajo sheep.
No. 1. Cat. No. 153348. Blue-dyed with indigo.
No. 2. Cat. No. 153349. Yellow-a decoction of the flowering tips of
Bigelovia graveolens, mixed with almogen (a native impure alum).
No. 3. Cat. No. 153350. Dull red-dyed with bark of Alder, .Almus
incana, var Viresceno (Watson), and bark of Oercocarpus pctrvifolius, a
kind of mountain mahogany; the mordant, fine ashes of the juniper.
No. 4. Cat. No. 153351. Orange-dyed with roots of a sorrelRumex hymeuosepol~tm.
No. 5. Cat. No. 153352. Wool-half natural white and half dyed
black, carded together.
No. 6. Cat. No. 153353. Black dye-made of a decoction of the twigs
and leaves of aromatic sumac, Rh~ts aroma,tica, yellow ocher and gum
of pinon, Pinus ed~tlis.
No.7. Cat. No. 153354. Native ocher-for making the black dye.
No.8. Cat. No. 153355. Powder of yellow ocher and pinon gum,
calcined together-for making black dye.
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BOTANY.*

GEORGE LINCOLN GooDALE.

The subject which I have selected for the valedictory address deals
with certain industrial, commercial, and economic questions: nevertheless its lies wholly within the domain of botany. I invite you to examine with me some of the possibilities of economic botany~
Of course, when treating a topic which is so largely speculative as
this, it is difficult and unwise to draw a hard and fast line between
possibilities and probabilities. Nowadays possibilities are so often
realized rapidly that they become accomplished facts before we are
aware.
In asking what are the possibilities that other plants than those we
now use may be utilized we enter upon a many-sided inquiry.t Speculation is rife as to the coming man. May we not ask what plants the
coming man will use~
There is an enormous disproportion between the total number of
species of plants known to botanical science and the number of those
which are employed by man.
The species of flowering plants already described and named are about
107,000. Acquisitions from unexplored or imperfectly explored regions
may increase the aggregate perhaps one-tenth, so that we are within
'" Presidential address delivered before the American Association for the Advancement of Science, at ·w ashington, August, 1891, from the Proceedings Arn. Assoc. Adv.
Sci., 1891, vol. XL, pp. 1-38; also, the American Journal of Science, October, 1891, vol.
XLII, pp. 273-303.
t The following are among the more useful works of a general character, dealing
with the subject. Others are referred to either in the text or notes. The reader
may consult also the list of works on Economic Botany in the catalogue published .
by the Linn::ean Society:
Select Extnt-t1·opica.l Plants, 1·eadily eligible for industrial culture or naturalization, with indications of their native countries and some of their uses. By Baron
Fred. von Mueller, K. C. M. G., F. R. S., etc., Government Botanist for Victoria.
(Melbourne), 1888. Seventh edition, revised and enlarged. At the close of his
treatise on industrial plants, Baron von Mueller has grouped the genera indicating
the different clnsses of nsefnl products in such a manner that we can ascertain the
respective numbers belonging to the genera. Of course many of these genera figure
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very safe limits in taking the number of existing F;peeies to be somewhat above 110,000.*
Now if we should make a comprehensive list of all the flowering plants
which are cultivated on what we may call a fairly large scale at the
present day, I)] acing therein all foodt and forage plants, all those which
are grown for timber and cabinet woods, for fibers and cordage, for
tanning materials, dyes, resins, rubber, gums, oils, perfumes, and medicines, we could bring together barely 300 .species. If we should addto this short catalogue all the species which without cultivation
can be used by man, we should find it considerably lengthened. A
great many products of the classes just referred to are derived in
commerce from wild plants, but exactly how muc"!l their addition would
extend the list it is impossible, in the present state of knowledge, to
determine. Every enumeration of this character is likely to contain
errors from two sources: First, it would be sure to contain some
species which have outlived their real usefulness; and, secondly, owing
to the chaotic condition of the literature of the subject, omissions would
occur.
But, after all proper exclusions and additions have been made, the
total number of species of flowering plants utilized to any considerable
extent by man in his civilized state does not exceed, in fact it does not
quite reach, 1 per cent.
in more than one category. He has also arranged the plants according to the countries nattt1Ytlly producing them.
Usefnl Native Plants of Australia (including Tasmania). By J. H. Maiden, F.L.S.,
Curator of the Technological Museum of New South Wales, Sydney. Sydney, 1889.
See also note 19.
Handbook of Commercial Geography. By George G. Chisholm, M . .A.., B. Sc. London, 1889.
New Cornmm·cial Plants, with directions how to grow them to the best advantage.
By Thomas Christy. London, Christy & Co.
Dictiona1·y of popular names of the plants which furnish the natural and acquired
wants ofman. By John Smith, .A.. L. S. London, 1882.
Cultivated Plants. Their propagation and improvement. By F. W. Burbage.
London, 1877.
The Wanderings of Plants and animals from their first home. By Victor Hehn,
edited by James Steven Stallybrass. London, 1885.
Rertearches into the Em·ly History of Mankind and the development of civilization.
By Edward B. Tylor, D.C.L., L.L.D., F.R.S. 1878.
~ The number of species of Phmnogarnia has been given by many writers as not
far from 150,000. But the total number of species recognizeu by Bentham and
Hooker in the Genera Plantarum (Durand's Index) is 100,220, in 210 Natural Orders
and 8,417 genera.
tD1. E. Lewis Sturtevant, to whose kindness I am indebted for great assistancein
the matter of references, has placed at my disposal many of his notes on edible plants,
etc. From his enumeration H appears that if we count all the plants which have
been cnltivated for food at one time or another, the list contains 1,192 species, but if
we count all the plant~ which "either habitually or during famine periods are recorded to have been eaten," we obtain a list of no less than 4,690 species, or about 3t
per cent of all known species of pla,nts. Dut, as Sir Joseph Hooker has said, the
products of many plants though eatable, are not fit to eat.
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The disproportion between the plants which are known and those
which are used becomes much greater when we take into account the
species of flowerless plants also. Of the 500 ferns and their allies we
employ, for other than decorative purposes, only 5; the mosses and
liverworts, roughly estimated at 500 species, have only 4 which are
directly used by man. There are comparatively few algre, fungi, or
lichens which have extended use.
Therefore, when we take the flowering and flowerless together, the
percentage of utilized plants falls far below the estimate made for the
flowering alone.
Such a ratio between the number of species known and the number
used justifies the inquiry which I have proposed for discussion at this
time, namely, can the short list of useful plants be increased to advantage~ If so, how~
·
This is a practic~l question; it is likewise a very old one. In one
form or another, by one people or another, it has been asked from early
times. In the dawn of civilization mankind inherited from savage ancestors certain plants, which had been found amenable to simple cultivation, and the products of these plants supplemented the spoils of the
chase and of the sea. The question which we ask now was asked then.
Wild plants were examined for new uses; primitive agriculture and
horticulture extended their bounds in answer to this inquiry. Age
after age has added slowly and cautiously to the list of cultivable and
utilizable plants, but the aggregate additions have been, as we have
seen, comparatively slight.
The question has thus no charm of novelty, but it is as practical
to-day as in early ages. In fact, at the present time, in view of all the
appliances at the command of modern science and under the strong
light cast by recent biological and technological research, the inquiry
which we propose assumes great importance. One phase of it is being·
attentively and systematically regarded in the great experiment stations, another phase is being studied in the laboratories of chemistry
and pharmacy, while still another presents itself in the museums of
economic botany.
Our question may be put in other words, which are even more practical. What present likelihood is there that our tables may, one of
these days, have other vegetables, fruits, and cereals than those which
we use now~ What chance is there that new fibers may supplement
or even replace those which we spin and weave, that woven fabrics
may take on new vegetable colors, that flowers and leaves may yield
1.1ew perfumes and flavorR ~ What probability is there that new remedial agents may be found among plants neglected or now wholly unknown~ The answer which I shall attempt is not in the nature of a
prophecy; it can claim no rank higher than that of a reasonable conjecture.
At the outset it must be said that synthetic chemistry has made and
is making some exceedingly short cuts across this field of research,
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giviug u:::; arLificia,l dyes, odors, t-tavor::-;, and medicinal substauce8, of'
such excellence that it sometimes seems as if before long the ol<l-fashioned chemical processes in the plant itself would play only a subordinate part. But although there is no telling where the triumphs of
chemical synthesis will end, it is not probable that it will ever interfere
essentially with certain classes of economic plants. It is impossible to
conceive of a synthetic fiber or a synthetic fruit. Chemistry gives us
fruit ethers and fruit acids, and after a while may provide us with a
true artificial sugar and amorphous starch; but artificial fruits worth
the eating, or artificial fibers worth the spinning, are not coming ·in our
day.
Despite the extraordinary achievements of synthetic chemistry~ the
world must be content to accept, for a long ti1ne to come, the results of
the intelligent labor of the cultivator of the soil and the explorer of the
forest. Improvement of the good plants we now utilize, and the discovery of new ones, must remain the care of large numbers of diligent
students and assiduous workmen. So that in fact our question resolves itself into this: Can these practical investigators hope to make
any substantial advance~
It will be well to glance first at the manner in which our wild and
cultivated plants have been singled out for use. We shall, in the case
of each class, allude to the methods by which the selected plants have
been improved, or their products fully utilized. Thus looking the ground
over, although not minutely, we can see what new plants are likely to
be added to our list. Our illustrations can at the best be only fragmentary.
We shall not have time to treat the different divisions of the subject
in precisely the proportions which would be demanded by an exhaustive essay; an address on an occasion like this must pass lightly over
some matters which other opportunities for discussion could properly
examine with great fulness. Unfortunately, some of the minor topics
which must be thus passed by possess considerable popular interest;
one of these is the first subordinate question introductory to our task,
namely, how were our useful cultivated and wild plants selected for
use~

A study of the early history of plants employed for ceremonial purposes, in religious solemnities, in incantations, and for medicinal uses,
shows how slender has sometimes been the claim of certain plants to
the possession of any real utility. But some of the plants which have
been brought to notice in these ways have afterwards been found to be
utilizable in some faBhion or other. This is often .seen in the caRes of
the plants which have been suggested for medicinal use through the
absurd doctrine of signatures.*
It seem& clear that except in modern times useful plants have been
selected almost wholly by chance, and it may well be said that a Relec------~

---

~

--

"" The Folk-Lo1·e of Pla11ts.

By T. P. Thiselton Dyer.

1889.
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tion by accident is no selection at all. Nowadays the new selections
are based on analogy. OJ te of the most striking illustrations of the
modern method is afforded by the utilization of bamboo fiber for electric
lamps.
Some of the classes of useful plants must be passed by without present discussion, others alluded to slightly, while still other groups
fairly representative of selection and improvement will be more fully
described. In this latter class would naturally come, of course, the
food plants known as
I.--THE CEREALS.

Let us look first at these. The species of gras~es which yield thes·e
seed-like fruits, or, as we might call them for our purpose, seeds, are
numerous;* 20 of them are cultivated largely in the Old World, but
only six of them are likely to be very familiar to you, namely, wheat,
rice, barley, oats, rye, and maize. The last of these is of American
origin, despite doubt~ wLich have been cast upon it. It was not known
in the Old V\rorld until after the discovery of the New. It has prob·
ably been very long iu cultivation. The others all belong to tile Old
World. Wheat and barley have been cultivated from the earliest
times; according to De Oanclolle, the chief authority in these matters,
about four thousand years. Later came rye and oats, both of which
have been known in cultivation for at least two thousand years. Even
the shorter of these periods gives time enough for wide variation, and
as is to be expected t.h ere are numerous varieties of them all. For instance, Vilmoriu, in 1880, figured sixty-six varieties of wheat with
plainly distinguishable characters.t
If the Chinese records are to be trusted, rice has been cultivated for
a period much longer than that assigned by our history and traditious
to the other cereals, and the varieties are correspondingly numerous.
It is said that in Japan above three hundred varieties are grown on
irrigated lands, and more than one hundred on uplands.:j:
With the possible exception of rice, not one of the species of cereals
is certainly known in the wild state.§ Now and then specimeus have
been gathered in the East which can be referred to the probable types
from which our varieties have sprung, but doubt has been thrown
upon every one of these cases. It bas been shown conclusively that
it is easy for a plant to escape from cultivation and persist in its new
* In Dr. Sturtevant's list, 88 species of Gmminece are counted as food plants under
cultivation, while the number of species in this order which can be or have been
utilized as food amounts to 146. Our smaller number, 20, comprises only those which
have been grown on a large scale anywhere.
t "In the Agricultural Museum at Poppelsdorf, 600 varieties are exhibited."
t E. L. S. in letter. Quoted from Seedsman 's catalogue.
\\ The best account of the early history of these and other cultiYated plants ran
be found in the classical work of De Candolle "Origine cles Plantes Cttltivees (Paris)
translated in the International seri es) Hi story of ( 'ultivated Plauts (N. Y.). The
reader shonW commit also Darwin's . lnimals and Plants mtder Dome.sUcation.
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home even for a long time in a near approximation to cultivated form.
Hence, we are forced to receive all statements regarding the wild
forms with caution. But it may be safely said that if all the varieties
of cereals which we now cultivate were to be swept out of existence,
we could hardly know where to turn for wild species with which to
begin again. We could not kuow with certainty.
To bring this fact a little more vividly to our minds, let us suvpose a
case. Let us imagine that a blight without parallel Las brought to extinction all the forms of wheat, rice, rye, oats, barley, and maize, now in
cultivation, but without affecting the other grasses or any other form
of vegetable food. Mankind would be obliged to subsist upon the other
kindly fruits of the earth; upon root crops, tubers, leguminous seeds,
anu so on. Some of the substitutions might be amusing in any other
time thau that of a threatened famine. Others woulu be far from appetizing under any condition, and only a few would be wholly satisfying even
to the most pronounced vegetarian. In short, it would seem from the
first, that the cereals fill a place occupied by no other plants. The composition of the grains is theoretically and practically almost perfect as
regards food ratio between the nitrogenous matters and the starch group;
and the food value, as it is termed, is high. But aside from these
considerations, it would be seen that for safety of preservation through
considerable periods, and for convenience of transportation, the cereals take highest rank. Pressure would come from every side to compel
us to find equivalents for the lost grains. From this predicament I
believe that the well-equipped Experiment Stations and the Agricultural Departments in Europe and America would by and by extricate us. Continuing this hypothetical case, let us next inquire how
the stations would probably go to work in the up-hill task of making
partially good a well-nigh irreparable loss.
The whole group of relatives of the lost cereals would be passed in
strict review. Size of grain, strength and vigor and plasticity of stock,
adaptability to different surroundings, and flexibility in variation would
be examined with scrupulous care.
But the range of experiment would, under the circumstances, extend
far beyond the relatives of our present cereals. It would embrace an
examination of the other grasses which are even now cultivated for
their grains, but which are so little known outside of their own limit
that it is a surprise to hear about them. For example, the millets,
great and small, would be investigated. These grains, so little known
here, form an important crop in certain parts of the East. One of the
leading authorities on the subject* states that the millets constitute
---------

~

-~

* Foocl grains of India, A. H. Church, London, 1886, p. 34. In this instructive
work the reader will find much information regaruing the less common articles
of food. Of Panicurn j1·~unentacemn Prof. Georgeson states in a letter that it is
grown in Japan for its grain which is used fo-r food, but here would take rank as a
f1>dller plant.
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"a more important crop" in India _" than either rice or wheat, and
are grown more extensively, being raised from Madras in the south to
Rajputana in the north. They occupy about 83 per cent of the food
grain area in Bombay and Sinde, 41 per cent in the Punjab, 39 per
cent in the Central Provinces," "in aU about 30,000,000 acres."
Having chosen proper subjects for experimenting, the cultivators
would make use of certain well-known principles. By simple selection
of the more desirable seeds, strains would be secured to suit definite
wants, and these strains would be kept as races, or attempts would be
made to intensify wished-for characters. By skillful hybridizing of the
\:first, second, and higher orders, tendencies to wider variation would be
obtained and the process of selection considerably expedited.*
It is out of our power to predict h-o w much time would elapse before
satisfactory substitutes for our cereals could be found. In the improvement of the grains of grasses other than those which have been
very long under cultivation, experiments have been few, scattered, and
indecisive. Therefore we are as badly off for time ra,t ios as are the
geologists and archreologists, in their statements of elapsed periods.
It is impossible for us to ignore the fact that there appear to be occasions in the life of a species when it seems to be peculiarly susceptible
to the influences of its surroundings. t A species, like a carefully laden
ship, represents a balancing of forces within and without. Disturbance
may come through variation from within, as from a shifting of the cargo,
or in some cases from without. We may suppose both forces to be
active in producing variation, a change in the internal condition rendering the plant more susceptible to any change in its surroundings.
Under the influence of any marked disturbance, a state of unstable
equilibrium may be brought about, at which times the species, as such,
is ·easily acted upon by very slight agencies.
One of the most marked of these derangements is a consequence of
cross-breeding within the extreme limits of varieties. The resultant
forms in such cases can persist only by close breeding or by propagation from buds or the equivalents of buds. Disturbances like these
arise unexpectedly in the ordinary course of nature, giving us sports
of various kinds. These critical periods however are not unwelcome,
since skillful cultivators can take advantage of them. In this very
field much has been accomplished. An attentive study of the saga*In order to avoid possible misapprehension, it should be stated that there are a
few persons who hold that at least some of our cereals, and other cultivated plants,
for that matter, have not undergone material improvement but are essentially unmodified progeny. Under this view, if we could look back into the farthest past,
we should see our cereals growing wild and in such admirable condition that we
should unhesitatingly select them for immediate use. This extreme position is untenable. Again, there are a few extremists who hold that some plants under cultivation have reached their culminating point, and must now remain stationary or
begin to retrograde.
t Gray's Botanical Text Book, vols. 1 and n.
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cions work done by Thomas Andrew Knight shows to what extent this
can be done.* But we must confess that it would be absolutely impossible to predict with certainty how long or how short would be tbe
time before new cereals or acceptable equivalents for them would be
provided. Upheld by the confidence which I have in the intelligence,
ingenuity, and energy of our Experiment Stations, I may say that the
time would not probably exceed that of two generations of our race, or
half a century.
In now laying asi<le our hypothetical illustration, I venture to ask
why it is that our Experiment Stations and other institutions dealing
with plants and their improvement do nut undertake investigations
like those which I have sketched~ Why are not some of the grasses
other than our present cereals studied with reference to their adoption
as food grains~ One of these species will naturally suggest itself to
you all, namely, the Wild Rice of the Lakes.t Observations have
shown that were it not for the difficulty of harvesting these grajus
which fall too easily when they are ripe, they might be utilized. But
attentive search might find or educe some variety of Zizania with a
more persistent grain and a better yield. There are two of our seashore grasses which have excellent grains, but are of small yield
Why are not these, or better ones which might be suggested by observation, taken in hand~
The reason is plain. We are an content to move along in lines of
least resistance, and are disinclined to make a fresh start. It is merely
leaving well enough alone, and so far as the cereals are concerned it is
indeed well enough. The generous grains of modern varieties of wheat
and barley compared with the well-preserved charred vestiges found in
Greece by Schliemann,t and in the lake clwelliugs,§ are satisfactory in
* A Selection from the Physiological mid Ho1·ticnltural Papen, published in the Transactions of the Royal ancl Horticultural Societies, by the late 'rhomas Andrew Knight,
esq., president of the Hort. Soc. London (London), 1841.
t Illustrations of the .ZI:lanne1·s ancl Custorns ancl Condition of the North American Inclians.
By George Catlin, London, 1876. A reprint of the account published in 1841 of travels
in 1832-1840. "Plate 278 is a party of Sioux, in bark canoes (purchased oftlle Chippewas), gathering the wild rice, which grows in immense fields around the shores of
the rivers and lakes of these northern regions, and used by the Indians as an article
of food. The mode of ga.t.heriug it is curious, and, as seen in tlle drawing, one woman
paddles the canoe, whilst another, with a stick in each hand, Lends the rice over the
canoe with one and strikes it with the other, which shakes it into the canoe, which
is constantly moving along until it is filled." Vol. n, p. 208.
:j: Schliemann's carbonized speeimens exhumed in Greece are said to be 11 very hard,
fine-grained, sharp, very flat on grooYed side, different from any wheats now known."
Am.. Antiq., 1880, 66. The carbonized grains in the Peabody Museum at Cambridge,
Mass., are small.
§ Prehistol'ic Tin~~s, as illustrated by ancient remains and the manners and customs
of modem savages. By John Lubbock, Bart. (New York), 4th edn., 1886. "Three
varieties of wheat were cultivated by the Lake Dwellers, who also possessed two
kinds of barley and two of millet. Of these the most ancient and most important
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every respect. Improvements however are making in many directions; and in the cereals we now have, we possess far better and more
satisfactory material for further improvement, both in quality and as
regards range of distribution, than we could reasonably hope to have
from other grasses.
From the cereals we may turn to the interesting groups of plants
comprised under the general term.
I I . -VEGETABLES.

Under this term it will be convenient for us to include all plants
which are employed for culinary purposes or for table use, such as
salads and relishes.
The potato and sweet potato, the pumpkin and squa~h, the red or
capsicum peppers, and the tomato are of American origin.
All the others are most probably natives of the Old World. Only
one plant coming in this class has been derived from southeru Australasia, namely, New Zealand spinach (Tetragonin).
Among the vegetables and salad plants longest in cultivation we
may enumerate the following: Turnip, onion, cabbage, purslane, the
large bean (Faba), chick-pea, lentil, and one species of pea-garden pea.
To these an antiquity of at least four thousand years is ascribed.
Next to these, in point of age, come the radish, carrot, beet, garlic,
garden-cress, and celery, lettuce, asparagus, and the leek. Three or
four leguminous seeds are to be placed in the same category, as are also
the black peppers.
Of more recent introduction, the most prominent are the varsnip,
oyster plant, parsley, artichoke, endive, and spinach.
From these lists I have purposely omitted a few whieh belong exclusively to the tropics, such as certain yams.
The number of varieties of these vegetables is astounding. It is of
course impossible to discriminate between closely allied varieties which
have been introduced by gardeners and seedsmen under different
names, but which are essentially identical, and we must therefore have
recourse to a conservative authority, Vilmorin,* from whose work a few
were the six-rowed barley and small 'Lake Dwellers'" wheat. The discovery of
Egyptian wheat (Triticum tu1·gidurn) at Wangen and Robenhausen is particularly
interesting. Oats were cultivated during the bronze age, but are absent from all
the stone age villages. Rye was also unknown," p. 216. "Wheat is most common,
having been discovered at Merlen, Moosseedorf, and Wangen. At the latter place,
indeed, many bushels of it were found, the grains being in large, thick lumps. In
other cases the grains are free, and without chaff, resembling our present wheat in
size and form, while more rarely they are still iu the ear." One hundred and fifteen
species of plants have been identified. Heer Keller.
* Les Plantes Potageres, Vilmorin, Paris. Translated into English under the direction of W. Robinson, editor of the (London) "Garden," 1885, ancl entitled The Vegetable Ga1·den.

H. Mis. 334, pt. 1--40
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examples have been selected. The varieties which he accepts are sufficiently well distinguished to admit of description, and in most instances
of delineation, without any danger of confusion. The potato bas, be
says, innumerable varieties, of which be accepts forty as easily distinguishable and worthy of a place in a general list, but be adds also a
list, comprising of course synonyms, of thirty-two French, twenty-six
English, nineteen American, and eighteen German varieties. The following numbers speak for themselves, all being selected in the same
careful manner as those of the potato; celery more than twenty; carrot
more than thirty; beet, radish, and potato more than forty; lettuce and
onion more than fifty; turnip more than seventy; cabbage, kidney bean,
and garden pea more than one hundred.
The amount of horticultural work which these numbers represent is
enormous. Each variety established as a race (that is, a variety which
comes true to seed) has been evolved by the same sort of patient care
and waiting which we have seen is necessary in the case of cereals, but
the time of waitiug has not been as a general thing so long.
You will permit me to quote from Vilmorin * also an account of a common plant, which will show how wide is the range of variation and how
obscure are the indications in the wild plant of its available possibilities. The example shows how completely hidden are the potential
variations useful to mankind.
''Cabbage, a plant which is indigenous in Europe and western ARia,
is one of the vegetables which has been cultivated from the earliest
time. The ancients were well acquainted with it, and certainly possessed several varieties of the head-forming kinds. The great antiquity of its culture may be inferred from the immense number of varieties
which are now in existence, and from the very important modifications
which have been produced in the characteristics in the original or parent
plant.
"The wild cabbage, such as it now exists on the coasts of England
and France, is a perennial plant with broad-lobed, undulated, thick,
smooth leaves, covered with a glaucus bloom. The stem attains a height
of from nearly 2-2- to over 3 feet, and bears at the top a spike of yellow
or sometimes white flowers. All the cultivated varieties present the
same peculiarities in their infloresence, but up to the time of flowering
they exhibit the most marked differences from each other and from the
original wild plant. In most of the cabbages it is chiefly the leaves
that are developed by cultivation; these for the most part become imbricated or overlap one another closely, so as to form a more or less
compact head, the heart or interior of which is composed of the central
undeveloped shoot and the younger leaves next it. The shape of tbe
head is spherical, sometimes flattened, sometimes conical. All the varieties which form heads in this way are known by the general name of
* Loc. cit., English edition, p. 104.
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cabbages, while other kinds, with large branching leaves which never
form heads, are distinguished by the name of borecole or kale.
"In some kinds the flower stems have been so modified by culture
as to become transformed into a thick, fleshy, tender mass, the growth
and enlargement of which are produced at the expense of the flowers
which are absorbed and rendered abortive. Such are the broccolis
and cauliflowers."
But this plant bas other transformations. ''In other kinds the leaves
retain their ordinary dimensions, while the stem or principal root has
been brought by cultivation to assume the shape of a large ball or turnip, as in the case of the plants known as Kohl-Rabi and turnip-rooted
cabbage or Swedish turnip. And lastly, there are varieties in which
cultivation and selection have produced modifications in the ribs of the
leaves, as in the Couve Tronchuda, or in the axilary shoots (as in Brussels sprouts), or in several organs together, as in the marrow kales,
and theN eapolitan curled kale."
Here are important morphological changes like those to which Prof.
Bailey has called attention in the case of the tomato.
Suppose we are strolling alm1g the beach at some of the seaside resorts of France, and should fall in with this coarse, cruciferous plant,
with its sprawling leaves and strong odor. Would there be anything
in its appearance to lead us to search for it.s bidden merits as a food
plant~ What could we see in it which would give it a preference over
a score of other plants at our feet ~ Again, suppose we are journeying
in the highlands of Peru, and should meet with a strong-smelling
plant of the night-shade family, bearing a small, irregular fruit of subacid taste and of peculiar flavor. We will further imagine that the
peculiar taste strikes our fancy, and we conceive that the plant has
possibilities as a source of food. We should be led by our knowledge
of the potato, probably a native of the same region, to think that this
allied plant might be safely transferred to a northern climate, but would
there be promise of enough future usefulness in such a case as this to
warrant our carrying the plant north as an article of food ! Suppose,
further, we should ascertain that the fruit in question was relished not
only by the natives of its home, but that it had found favor among the
tribes of South Mexico and Central America, and had been cultivated
by them until it had attained a large size, should we be strengthened
in our venture~ Let us go one step further still. Suppose that having
decided upon the introduction of the plant, and having urged everybody to try it, we should find it discarded as a fruit, but taking a place
in gardens as a curiosity under an absurd name, or as a basis for preserves and pickles; should we not look upon our experiment in the introduction of this new plant as a failure~ This is not a hypothetical
case.
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The tomato,* the plant in question, was cultivated in Europe as long
ago as 1554;t it was known in Virginia in 1781, and in the Northern
States in 1785; but it found its way into favor slowly, even in this land
of its origin. A credible witness states that in Salem it was almost
impossible to induce people to eat or even taste of the fruit. And yet,
as you are well aware, its present cultivation on an enormous scale in
Europe and this country is scarcely sufficient to meet the increasing
demand.
A plant which belongs to the family of the tomato has been known
to the public under the name of the strawberry tomato. The juicy
yellow or orange-colored fruit is inclosed in a papery calyx of large
size. The descriptions which were pubUshed when the plant was placed
on the market were attractive, and were not exaggerated to a misleading extent. But, as you all know, the plant never gained any popularity. If we look at these two cases carefully, we shall see that what
appears to be caprice on the part of the public is at bottom common
sense. The cases illustrate as well as any which are at command the
difficulties which surround the whole subject of the introduction of new
foods.
Before asking specifically in what direction we shall look for new
vegetables, I must be pardoned for calling attention, in passing, to a
very few of the many which are already in limited use in Europe and
this country, but which merit a wider employment. Cardon, or cardoon; celeriac, or turnip-rooted celery; fetticus, or cor.q_ salad; martynia; salsify; sea kale, and numerous small salads, are examples of
neglected treasures of the vegetable garden.
The following, which are even less known, may be mentioned as fairly
promising :t
(1) Arracacia esculenta, called Arracacha, belonging to the parsley
family. It is extensively cultivated in some of the northern States 0f
South America. The stems are swollen near the base, and produce
*According to notes made by Mr Manning, Sec. Massachusetts Horticultural
Society (Hist. Mass. Hort. Society), the tomato was introduced into Salem, Mass.,
about 1802 by Michele Felice Corne, an Italian painter, but be found it difficult to
persuade people even to taste the fruit (Felt's Annals of Salem, vol. n, 631). It
was said to have been introduced into Philadelphia by a French refugee from San
Domingo, in 1798. It was used as an article of food in New Orleans in 1812, but wa8
not sold in the markets of Philadelphia until1829. It did not come into general usL
in the North until some years after the last named date.
t "In Spain and those hot regions they use to eat the (love) apples prepared and
boiled with pepper, salt, and olives; but they yield very little nourishment to the
bodies, and the same nought and corrupt. Likewise they doe eat the apples with
oile, vinegar, and pepper mixed together for sauce to their meat even as we in these
cold countries do mustard." Gerard's HerbalJ 346.
t Commercial Botany of the Nineteenth Centu1·y. By John R. Jackson, A. L. S.
Cassell and Company, London, 1890. Mr. Jackson, who is the curator of the
museums, Royal Gardens, Kew, has embodied in thi~:; treatise a great amount of
yaluable information, well ~rranged for ready reference,
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tuberou~ enlargements tilled with an excellent starch.
Although the
plant is of comparatively easy cultivation, efforts to introduce it into
Europe have not been successful, but it is said to have found favor in
both the Indies, and may prove useful ht our Southern States.
(2) Ullucus or Ollucus, another tuberous-rooted plant from nearly
the same region, but belonging to the beet or spinach family. It has
produced tubers of good size in England, but they are too waxy in
consistence to dispute the place of the better tubers of the potato. The
plant is worth investigating for our hot, dry lands.
(3) A tuber-bearing relative of our common hedge nettle, or Stachys,
is now cultivated on a large scale at Crosnes, in France, for the Paris
market. Its name in Paris is taken from the locality where it is now
grown for use. Although its native country is Japan, it is called by
some seedsmen Chinese artichoke. At the present stage of cultivation the tubers are small and are rather hard to keep, but it is thought
"that both of these defects can be overcome or evaded."* Experiments indicate that we have in this species a valuable addition to our
vegetables. We must next look at certain other neglected possibilities.
Dr. Edward Palmer,t whose energy as a collector and acuteness as
an observer are known to you all, has brought together very interest-

* GaTd. ChTon., 1888.
t Depat·tment of .AgTicultu1·e Report for 1870, p. 404-428. Only those are here
copied from Dr. Palmer's list which he expressly states are extensively used.
Ground nut (Apios tuberosa); .LEsculus Califot·nica; Agave Americana; .Nupha1· advena; prairie potato (Psoralea esculenta); Scirpus laCltstri~S; Sagittat·ia va1'iabilis _:
Karnass-root ( Cantassia escu,lenta) ; Solannnt Fendleri (supposed by him to be the
origiual of the cultivated potato); acorns of various sort; mesquit (Algarobia
glandulost~); Junipents occidentalis; nuts of Carya, Juglans, etc.; screw-bean
( Stt·mnbocat-pttl! pubescens) ; various cactace::e ; Yucca; cherries and many wild berries; Chenopodiu1n album., etc. Psoralea esaulenta=prairie potato, or bread root.
Palmer in Agricult-ural Rep01·t, 1870, p. 402.
The following from Catlin, l. c. I, p. 122:
"Corn and dried meat are generally laid up in the fall in sufficient quantities to
support them through the winter. These are the principal articles of food during
that long and inclement season; and in addition to them, they oftentimes have in
store great quantities of dried squashes, and dried 'pommes blanches,' a kind of
turnip which grows in great abundance in those regions. - - - These are
chiecl in great quantities and pounded into a sort of meal and cooked with dried
meat and corn. Great quantities also are dried and laid away in store for the winter season, such as buffalo berries, service berries, strawberries, and wild plums.
In addition to this we had the luxury of service berries without stint; and the
buffalo bushes, which are peculiar to these northern regions, lined the banks of the
river and the defiles in the bluffs, sometimes for miles together, forming almost impassable hedges, so loaded with the weight of their fruit that their boughs were seen
everywhere gracefully bending down or resting on the ground. This last shrub (Shepherd·ia), which may be said to be the most beautiful ornament that decks out the wild
prairies, forms a striking contrast to the rest of the foliage, from the blue appearance of its leaves, by which it can be distinguishecl for miles in distance. The fruit
which it produces in such incredible profusion, hanging in clusters to every limb
and to every twig, is about the size of ordinary currants and not unlike them in
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ing facts relative to the food plant~ of our North American aborigines.
Among the plants described by him there are a few which merit careful investigation. Against all of them, however, there lie the objections mentioned before, namely:
(1) The long time required for their improvement, and
(2) The difficulty of making them acceptable to the community, involving
(3) The risk of total and mortifying failure.
In the notes to this address the more prominent ofthese are enumerated.
In 1854 the late Prof. Gray called attention to the remarkable relations which exist between the plants of Japan and those of our Eastern
coast. You will remember that he not only proved that the plants of
the two regions had a common origin, but also emphasized the fact that
many species of the two countries are almost identical. It is to that
country which has yielded us so many useful and beautiful plants that
we turn for new vegetables to supplement our present food resources.
One of these plants, namely, Stachys, has already been mentioned as
rather promising. There are others which are worth examination and
perhaps acquisition.
One of the most convenient places for a preliminary examination of
the vegetables of Japan is at the railroad stations on the longer lines,
for instance, that running from Tokio to Kobe. For native consumption there are prepared luncheon boxes of two or three stories, provided with the simple and yet embarrassing chopsticks. It is worth
the shock it causes one's nerves to invest in these boxes and try the
vegetable contents. The bits of fish, :flesh, and fowl, which one :finds
therein can be easily separated and discarded, upon which there will
remain a few delicacies. The pervading odor of the box is that of aromatic vinegar. The generous portion of boiled rice is of excellent
quality~ with every grain well softened and distinct, and this without
anything else would suffice for a tolerable meal. In the boxes which
have fallen under my observation there were sundry boiled roots, shoots,
color and even in flavor; being exceedingly acid, almost unpalatable until they are
bitten by frost of autumn, when they are sweetened and their flavor delicious, having to the taste much the character of grapes, and I am almost to think would produce excellent wine.'' (George Catlin's illustrations and manners, customs, and condition ofthe Nm·th Amm·ican Indians, vol.I, p. 72.)
For much relative to the food of our aborigines, especially of the western coast,
commlt the Nat'ive Races of the Pacific States of Nm·th Amm·ic((,, by H. H. Bancroft (New York), 1875. The following, from vol. I, p. 538, indicates that inaccnra·
cies have crept into the work: ''From the earliest information we have of these
nations" (the author is speaking of the New Mexicans), "they are known to have
been tillers of the soil; and though the implements used and their methods of cultivation were both simple and primitive, cotton, corn, wheat, beans, and many varieties of fruits which constituted their principal food were ntised in abundance."
'Wheat was not grown on the American continent until after the landing of the
fir~t explorers.
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and seeds which were not recognizable by me in their cooked form.
Prof. Georgeson, formerly of Japan, has kindly identified some of
these for me,* but he says, " There are doubtless many others used occasionally."
One may find sliced lotus roots, root8 of large burdock, lily bulbs,
shoots of ginger, pickled green plums, beans of many sorts, boiled
chestnuts, nuts of the gingko tree, pickled greens of various kinds,
dried cucumbers, and several kinds of sea-weeds. Some of the leaves
and roots are cooked in much the same manner as beet-roots and beetleaves are by us, and the general effect is not unappetizing. The boiled
shoots are suggestive of only the tougher ends of asparagus. On the
whole, I do not look back on Japanese railway luncheons with any
lbnging which would compel me to advocate the indiscriminate introduction of the constituent vegetables here.
But when the same vegetables are served in native inns, under more
favorable culinary conditions, without the flavor of vinegar and of the
pine wood of the luncheon boxes, they appear to be worthy of a trial
in our horticulture, and I therefore deal with one or two in greater
detail.
Prof. Georgeson, whose advantages for acquiring a knowledge of the
useful plants of Japan have been unusually good, has placed me under
great obligations by communicating certain facts regarding some of the
more promising plants of Japan which are not now used here. It
should be said that several of these plants have already attracted the
notice of the Agricultural Department in this country.
The soy bean (Glycine hispida). This species is known here to some
extent, but we do not have the early and best varieties. These beans
replace meat in the diet of the common people.
Mucuna (Mumtna capitata) and Dolichos (DoUchos cultratus) are pole
beans possessing merit.
Dioscorea; there are several varieties with palatable roots. Years
ago one of the-se was spoken of by the late Dr. Gray as possessing
"excellent roots, if one could only dig them."
Oolocasia antiquorum has tuberous roots, which are nutritious.
*Pickled daikon, the large radish, often grated; ginger roots, Shoga; beans
(Glycine hispicla), many kinds, and prepared in many ways; beans (Dolichos
cultmtus), cooked in rice and mixed with it; sliced Hasu, lotos roots; lily bulbs,
boiled whole and the scales torn off as they are eaten; pickled green plums, (Umeboshi) colored reel in the pickle, by the leaves of Pe1·illa arguta (Shiso); sliced
and dried cucumbers, Kiuri; pieces of Gobo-roots of Lappa major; Rakkio;
bulbs of Alliun~ Bakeri, boiled in Shogu; grated Wasabi, stem of E ·ut1·ema Wasabi;
watercre1:1s, midzu-tagarashi (not often); also sometimes pickled geeens of various kinds, and occasionally chestnut kernels boiled and mixed with a kind of sweet
sauce; nut of the Ginkgo tree; seyeral kinds of sea-weeds are also very commonly
served with the rice. (Prof. C. C. Georgeson in letter.) ·
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Oonophallus Konjalc has a large bulbous root, which is sliced, dried,
and beaten to a powder. It is an ingredient in cakes.
Aralia cordata is cultivated for the shoots, and used as we use asparagus.
CEnanthe stolonifera and Oryptotmnia Canadensis are palatable salad
plants, the former being used also as greens.
There is little hope, if any, that we shall obtain from the hotter climates for our southern territory new species of merit. The native
markets in the tropical cities like Colombo, Batavia, Singapore, and
Saigon, are rich in fruits, but outside of the native plants bearing these
nearly all the plants appear to be wholly in established lines of cultivation, such, for instance, as members of the gourd and night-shade
families.
Before we leave the subject of our coming vegetables, it will be \Yell
to .note a naive-caution enjoined by Vilmorin in his work, Les Plantes
Potageres. *
"Finally," he says, "we conclude the article devoted to each plant
with a few remarks on the uses to which it may be applied and on the
parts of the plants which are to be so used. In many cases such remarks
may be looked upon as idle words, and yet it would sometimes have
been useful to have them when new plants were cultivated by us for
the first time. For instance, the giant edible burdock of Japan (Lappa
edulis) was for a long time served up on our tables only as a wretchedly
poor spinach, because people would cook the leaves, whereas, in its
native country, it is only cultivated for its tender fleshy roots."
I trust you are not discouraged at this outlook for our coming vegetables.
Two groups of improvable food-plants may be referred to before we
pass to the next class, namely, edible fungi and the beverage plants .
.All botanists who have given attention to the matter agree with the
late Dr. Curtis of North Carolina that we have iu the unutilized mushrooms an immense amount of available nutriment of a delicious quality.
It is not improbable that other fungi than our common "edible mushroom" will by and by be subjected to a careful selection.
The principal beverage-plants, tea, coffee and chocolate, are all
attracting the assiduous attention of cultivators. The first of these
plants is extending its range at a marvelous rate of rapidity through
India aud Ceylon; the second is threatened by the pests which have
almost exterminated it in Ceylon, but a new species, with crosses therefrom, is promising to resist them successfully; the third, chocolate, is
every year passing into lands farther from its original home. To these
have been added the kola (of a value as yet not wholly determined),
and others are to augment the short list.
* Loc. cit.

Preface in English edition.
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UI.-FRUr:L'S.

· Botanically speaking, the cereal gr!1ins of which we have spoken are
true fruits, that is to say, are ripened ovaries, but for all practical purpo~es they may he regarded as seeds. The fruits, of which mention is
now to be made, are those commonly spoken of in our markets as fruits.
First of all, attention must be called to the extraordinary changes in
the commercial relations of fruits by two direct causes:
(1) The canning industry, and
(2) Swift transportation by steamers and railroads.
The effects of these two agencies are too well known to require more
than this passing mention. By them the fruits of the best fruit-growing
countries are carried to distant lands in quantities wh'ich surprise
all who see the statistics for the first time. The ratio of increase is
very startling. Take, for instaHce, tll.e figures given by Mr. Morris at
the time of the great Colonial and Indian Exhibition, in London. Compare double decades of years:
1845- - - - - -- - - -- - -- - --- - -- - - -- --- - - - - - - - --- ---- - - - - - - £886, 888
1865- - ---- -- ---- -- - - - - --- - --- - -- - -- - - -- - - - - - - - - - - -- - 3, 185, 984
1885---- ------ -----. ------ ---- - --- -- ---- ---- ---- ---- 7, 587, 523

In the Colonial Exhibition at London, in 1886, fruits from the remote
colonies were exhibited under conditions which proved that, before long,
it may be possible to place such delicacies as the cherimoyer, the sweetsop, rambutan, mango, and mangosteen at even our most northern seaports. Furthermore, it seems to me likely that with an increase in our
knowledge with regard to the microbes which produce decay, we may
be able to protect the delicate fruits from injury for any reasonable
period. Methods which will supplement refrigeration are sure to come
in the very near future, so that even in a country so vast as our own
the most perishable fruits will be transported through its length and
breadth without harm.
The canning industry and swift transportation are likely to diminish
zeal in searching for new fruits, since, as we have seen in the case of
the cereals, we are prone to move in lines of least resistance and leave
well enough alone.
To what extent are our present fruits likely to be improved~ Even
those who have watched the improvement in the quality of some of our
fruits, like oranges, can hardly realize how gTeat has been the improvement within historic times in the character of certain pears, apples, and
so on.
The term historic is used advisedly, for there are pre-historic fruits
which might serve as a point of departure in the consideration of the
question. In the ruins of the lake dwellings in Switzerland* charred.
* "Carbonized apples have been found at Wangen, sometimes whole, sometimes
cut in two, or, more rarely, into four pieces and evidently dried and put aside for
winter use. - - - They are small and generally resemble those which still grow
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apples have been found, which are in some cases plainly of small size,
hardly equalling ordinary crab-apples. But, as Dr. Sturtevant has
shown, in certain directions there has been no marked change of type;
the change is in quality.
In comparing the earlier descriptions of fruits with modern accounts
it is well to remember that the high standards by which fruits are now
judged are of recent establishment. Fruits which would once have
been esteemed excellent would to-day be passed by as unworthy of
regard.
It seems probable that the list of seedle~s fruits will be materially
lengthened, provided our experimental horticulturists make use of the
material at their command. The common fruits which have very few
or no seeds are the banana, pineapple, and certain oranges. Others
mentioned by Mr. Darwin as well known are the bread-fruit, pomegranate, azarole or Neapolitan medlar, and date palms. In commenting upon these fruits, Mr. Darwin* says that most horticulturists "look
at the great size and anomalous development of the fruit as the cause
and sterility as the result," but he holds the opposite view as more
probable; that is, that the sterility, coming about gradually, leaves free
for other growth the abundant supply of building material which the
forming seed would otherwise have. He admits however that "there
is an antagonism between the two forms of reproduction, by seeds and
by buds, when either is carried to an extreme degree, which is independent of any incipient sterility."
Most plant hybrids are relatively infertile, but by no means wholly
sterile. With this sterility there is generally augmented vegetative
vigor, as shown by Nageli. Partial or complete sterility and corresponding luxuriance of root, stem, leaves, and flower may come about
in other obscure ways, and such cases are familiar to botanists.t Now,
it seems highly probable that either by hybridizing directed to this
special end, or by careful selection of forms indicating this tendency to
the correlated changes, we may succeed in obtaining important additions to our seedless or nearly seedless plants. vVhether the ultimate
profit would be large enough to pay for the time and labor involved is
a question which we need not enter into; there appears to me no reasonable doubt that such efforts would be successful. There is no reason
in the nature of things why we should not have strawberries without
the so-called seeds, blackberries and raspberries with only delicious
pulp, and large grapes as free from seeds as the small ones which we
call "currants," but which are really grapes from Corinth.
wild in the Swiss forests; at Robenhausen, however, specimens have occurred which
are of larger size and probably cultivated. No trace of the vine, the walnut, the
cherry, or the damson has yet been met with, but stones of the wild plum and the
P1·unuspadtts have b een found." Lubbock, loc. cit., p. 217.
*Animals and Plctnts under DonMstic(.tt-ion (Am. Ed.), vol. n, p. 205-209.

t Gray's Botanical Text Book.
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These and the coreles~ apples and pears of the future, the stoueless
cherries and plums, like the common fruits before mentioned, must be
propagated by bud division, and be open to the tendency to diminished strength said to be the consequence of continued bud propagation. But this bridge need not be crossed until we come to it. Bananas
have been perpetuated in this way for many centuries, and pineapples
since the discovery of America, so that the borrowed trouble alluded
to is not threatening. Fl.rst we must catch our seedless fruits.
"\Vhich of our wild fruits are promising subjects for selection and cultivation~

Mr. Crozier, of Michigan, bas pointed out* the direction in which
this research may prove most profitable. He enumerates many of our
small fruits and nuts which can be improved.
Another of our most careful and successful horticulturists believes
that the common blueberry and its allies are very suitable for this
purpose and offer good material for experimenting. The sugar-plum,
or so-called shad-bush, has been improved in many particulars, and
others can be added to this list.
But again we turn very naturally to Japan, the country from which.
our gardens have received many treasures. Referring once more to
Prof. Georgeson's studies, t we must mention the varieties of Japanese
apples, pears, peaches, plums, cherries and persimmons. The persimmons are already well known in some parts of our country under the
name" kaki," and they will doubtless make rapid progress in popular
favor.
The following are iess familiar:
.Actinridia arg~ttct and volubilis, with delicious berries;
Sta~tntonia, an evergreen vine yielding a palatable fruit;
Myrica rubrct, a small tree with an acidulous juicy fruit;
Elmagnus ~trnbellata,, with berries for preserves.
The active and discriminating .horticultural journals in America and
Europe are alive to the possibilities of new Japanese fruits, and it can
not be very long before our list is considerably increased.
It is absolutely necessary to recollect that in most cases variations
are slight. Dr. Masters and Mr. Darwin have called attention to this
aud have adduced many illustrations, all of which show the necessity
of extreme patience and caution. The general student curious in such
matters can have hardly any task more instructive than the detection
of the variations in such common plants as the blueberry, the wild
cherry, or the like. It is an excellent preparation for a practical study
of the variations in our wild fruits suitable for selection.
It was held by the late Dr. Gray that the variations in nature by
which species have been evolved were led along useful lines, a view
* .thnerican Garden, N.Y.
t .Ame1·ican Garden, N. Y.

1890-'91.
1891.
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which Mr. Darwin regretted be could not entertain. However this may
be, all acknowledge that by the hand of the cultivator variations cau
be led along useful lines; and furthermore the Land which selects must
uphold them in their unequal strife. In other words, it is one thing to
select a variety and another to assist it in maintaining its hold upon
existence. Without the constant help of the cultivator who selects the
useful variety, there comes a reversion to the ordinary specific type
which is fitted to cope with its surroundings.
I think you can agree with me that the prospect for new fruits and
for improvements in our established favorites is fairly good.
IV.-TIMBERS AND CABINET WOODS.

Can we look for new timbers and cabinet woods~ Comparatively few
of those in common use are of reeent in trod nction. Attempts have been
made to bring into great prominence some of the excellent trees of India
and Australia which furnish wood of much beauty and timber of the
best quality. A large proportion of all t.he timbers of the South Seas
are characterized by remarka,b le firmness of texture and high specific
gravity.* The same is noticed in many of the woods of the Indies.
A few of the heavier and denser sorts; like jarrah, of West Australia,
and sabicu, of the Caribbean Islands, have met with deserved favor in
England, but the cost of transportation militates against them. It is
a fair question whether, in certain parts of our country, these trees and
others which can be utilized for veneers may not be cultivated to advantage. Attention should be again caUed to the fact that many
• plants succeed far better in localities which are remote from their
origin, but where they find conditions substantially like those which
they have left. This fact, to which we must again refer in detail with
regard to certain other classes of plants, may have some bearing upon
the introduction of new timber trees. Certain drawbacks exist with
1·egard to the timber of some of the more rapidly growing hard-wood
trees which have prevented their taking a high place in the scale of
values in mechanical engineeri11g.
One of the most useful soft-wooded trees in the world is the kauri.
It is restricted in its range to a comparatively small area in the North
Island of New Zealand. It is now being cut down with a recklessness
which is as prodigal and shameful as that which bas marked our own
treatment of forests here. It should be said however that thif' destruction is under protest, in spite of which it would seem to be a
question of only a few years when the great kauri groves of New Zealand will be a thing of the past. Our energetic forest department has
on its hands problems just like this which perplexes one of the new
lands of the south. The task in both cases is double, to preserve the
old treasures and to bring in new.
·~

T:seful Nat ire Plants of Australia, by J. II. Maitlen, Sydney.
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The energy shown by Baron von Mueller, the renowned Government
botanist of Victoria, and by various forest departments, in encouraging the cultivation of timber trees will assuredly meet with success;
one can hardly hope that this success will appear fully demonstrated
in the lifetime of those now living, but I can not think that many years
will pttss before the promoters of such enterprises may take fresh
courage.
In a modest structure in the city of Sidney, New South Wales, 1\Ir.
Maiden* has brought together, under great difficulties, a large collection of the useful products of the vegetable kingdom as represented
in Australia. It is impossible to look at the collection of woods in that
museum or at the similar and more showy one in Kew, without believing that the field of forest culture must receive rich material from the
Southern Hemisphere.
Before leaving this part of our subject, it may be well to take some
illustrations in passing, to show how important is the influence exerted
upon the utilization of vegetable products by causes which may at first
strike one as being rather remote:
(1) Photography makes use of the effect of light on chromatized
gelatin to produce under a negative the basis of relief plates for engraving. The degree of excellence reached in modifications of this
simple device has distinctly threatened the very existence of wood engraving, and hence follows a diminished degree of interest in boxwood and its substitutes.
(2) Iron, and in its turn steel, is used in shipbuilding, and this renders of greatly diminished interest all questions which concern the
choice of different oaks, and similar woods.
(3) But on the other hand there is increased activity in certain directions, best illustrated by the extraordinary development of the
chemical methods for manufacturing wood pulp. By the improved
processes, strong fibers suitable for fine felting on the screen and fit
for the best grades of certain lines of paper are given to us from rather
inferior sorts of wood. He would be a rash prophet who should venture
to predict what will be the future of this wonderful industry, but it is
plain that the time is not far distant when acres now worthless may be
covered by trees under cultivation, growing for the pulp-maker.
There is no department of economic botany more promising in immediate results than that of arboriculture.
V.-VEGETA.BLE FIBERS.

The vegetable fibers known to commerce are either plant hairs, of
which we take cotton as the type, or filaments of bast-tissue, represented by flax. No new plant hairs have been suggested which can
compete in any way for spinning with those yielded by the species of
,.. Useful Nati ve Plants of A'll 8i1'4lia,
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gossypium, or cotton, but experiments more or less systematic and
thorough are being carried on with regard to the improvement of the
varieties of the species. Plant hairs for the stuffing of cushions and
pillows need not be referred to in connection with this subject.
Countless sorts of plants have been suggested as sources of good
bast-fibers for spinning and for cordage, and many of these make capital
substitutes for those already in the factories, but the questions of cheapness of production, and of subsequent preparation for use, have thus far
militated against success. There may be much difference between the
profits promised by a laboratory experiment and those resulting from
the same process conducted on a commercial scale. The existence .)f
such difference bas been the rock on which many enterprises seeking to
introduce new :fibers have been wrecked.
In dismissing this portion of our subject, it may be said that a process for separating fine fibers from undesirable structural elements, and
from resin-like substances which accompany them, is a great desideratum. If this were supplied many new species would assume great
prominence at once.
VI.-'l'ANNING MATERIALS.

What new tanning materials can be confidently sought for? In his
Useful Nati1Je Plants of Australia, Mr. Maiden describes over thirty
species of "Wattles" or Acacias~ and about half as many Eucalypts,
which have been examined for the amount of tanning material contained
in the bark. In all, eighty-seven Australian species have been under
examination. Besides this, much has been done looking in the same
direction, at the suggestion and under the direction of Baron von
Mueller, of Victoria. This serves to indicate how great is the interest in
this subject and how wide is the field in our own country for the introduction of new tanning plants.
It seems highly probable however that artificial tanning substances
will at no distant day replace the crude matters now employed.
VII.-RESINS, ETC.

Resins, oils, gums, and medicines from the vegetable kingdom would
next engage our attention if they did not seem rather too technical for
this occasion and to possess an interest on the whole somewhat too
limited, but an allied substance may serve to represent this class of
products and indicate the drift of present research.
India Rubber.*-Under this term are included numerous substances
which possess a physical and chemical resemblance to each other. .An
Indian Ficus, the early source of supply, soon became inadequate to
furnish the quantity nsed in the arts even when the manipulation of
rubber was almost unknown. Later, supplies came from Hevea of
* J. H. Jackson, Comrnm·oial Botany of the Nineteenth Cent1try.
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Brazil, generally known ·as Para rubber, and from Oastilloa, sometimes
called Central American Rubber, and from Manihot Glaziovii Ceara
rubber. Not only are these plants now successfully cultivated in experimental gardens in the tropics, but many other rubber-yielding
species have been added to the list. The Landolphias are among the
most promising of the whole: these are the African rubbers. Now in
addition to these which are the chief source of supply, we have Willughbeia, from the Malayan Peninsula, Le~wonotis, Ohilocarp~ts, .A.lstonict, Forster·onia, and a speeies of a genus formerly known as Urostigrna,
but now united with Ficus. These names, which have little significanee as they are here pronoun~ed in passing, are given now merely to
impress upon our minds the fact that the sourees of a single commercial artiele may be exceedingly diverse. Under these circumstances
search is being made not only for the best varieties of these species
but for new species as well.
There are few excursiont.. in the tropics which p@ssess greater interest to a botanist who ~ares for the industrial aspects of plants than the
walks through the gardens at Buitenzorg in Java and at Singapore.
At both these stations the experimental gardens lie at some distance
from the great gardens whieh the tourist is expected to visit, but the
exertion well repays him for all discomfort. Under the almost vertical
rays of the sun, are here gathered the rubber-yielding plants from different eountries, all growing under conditions favorable for decisions
as to their relative value. At Buitenzorg a well-equipped laboratory
stands ready to answer practieal questions as to quality and composition of their products, and year by year the search extends.
I mention this not as an isolated example of what is being accomplished in commercial botany, but as a fair illustration of the thoroughness with which the problems are being attaeked. It, should be
further stated that at the garden in question assiduous students of the
subject are eagerly welcomed and are provided with all needed appliances for carrying on technical, chemical, and pharmaceutical investigations. Therefore I am justified in saying that there is every reason
for believing that in the very near future new sources of our most important products will be opened up and new areas placed under successful cultivation.
At this point attention must be called to a very modest and convenient handbook on the Commercial Botany of the Nineteenth Century by Mr. Jaekson of the Botanical Museum attaehed to the Royal
Gardens, Kew, whieh not only embodies a great amount of well-arranged
information relative to the new useful plants, but is at the same time
a record of the existing state of things in all these departments of
activity.
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VIII.-FR.A.GRANT PLANTS.

Another illustration of our subject might be drawn from a class of
plants which repays close study from a biological point of view, namely,
those which yield perfumes.
In speaking of the future of our fragrant plants we must distinguish
between those of commercial value and those of purely horticultural
interest. The former•will be less and less cultivated in proportion as
synthetic chemistry by its manufacture of perfumes replaces the natural by the artificial products, for example, coumarin, vanillin, nerolin,
heliotropin, and even oil of wintergreen.
But do not understand me as intimating that chemistry can ever
furnish substitutes for living fragrant plants. Our gardens will always
be sweetened by them, and the possibilities in this direction will continue to extend both by contributions from abroad and by improvement in our present cultivated varieties. Among the foreign acquisitions there are the fragrant species ofAndropogon. Who would suspect
that the tropical relatives of our sand-loving grasses are of high commercial value as sources of perfumery oils~
The utility to the plant of fragrance in the flower and the relation of
this to cross-fertilization, are apparent to even a ca:sual observer. But
the fragrance of an aromatic leaf does not always give us the reason
for its being.
It has been suggested for certain cases that the volatile oils escaping
from the plants in question may, by absorption, exert a direct influence
in mitigating the fierceness of action of the sun's rays. Other expla'nations have also been made, some of which are even more fanciful than
the last.
When however one has seen that the aromatic plants of Australia
are almost free from attacks of insects and fungi, and has learned to
look on the impregnating substances in some cases as protective against
predatory insects and small foes of all kinds, and in others as fungicidal, he is tempted to ask whether all the substances of marked odor
which we find in certain groups of plants may not play a similar role.
It is a fact of great interest to the surgeon that in many plants there
is associated with the fragrant principle a marked antiseptic or fungicidal quality; conspicuous examples of this are afforded by species of
E1wa.lyptus, yielding eucalyptol, Styrax, yielding styrone, Thymus yielding thymol. It is interesting to note too that some of these most
modern antiseptics were important constituents in the balsamic vulneraries of the earliest surgery.
IX.-FLORISTS' PL.A.N~I.'S.

Florists' plants and the floral fashions of the future constitute an engaging subject which we can touch only lightly. It is reasonably clear
that while the old favorite species will hold their ~round in the guise
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of improved varieties, the new introductions will come in the shape of
plants with flowering branches which retain their blossoms for a somewhat long period, and especially those in which the flowers precede the
leaves. In short the next real fashion in our gardens is probably to be
the flowering shurb and flowering tree, like those which are such favorites in the country from which the Western world has gladly taken the
gift of the chrysanthemum.*
Twice each year of late a reception has been held by the Emperor
and Empress of Japan. The receptions are in autumn and in the
spring. That in the autumn, popularly know as the Emperor's reception, has for its floral decorations the myriad forms of the national flower,
tbe chrysanthemum; that which is given in spring, the Empress's reception, comes when the cherry blossoms are at their best. One has little
idea of the wealth of beauty in masses of floweril1g shurbs and trees,
until he has seen the floral displays in the Imperial Gardens and the
Temple grounds in Tokio.
To Japant and China also we are indebted for many of the choicest
plants of our gardens, but the supply of species is by no means exhausted. By far the htrger number of the desirable plants have already found their way into the hands of cultivators, but often under
conditions which llave restricted their dissemination through the flowerloving community. There are many which ought to be widely known,
especially the fascinati11g dwarf shrubs and dwarf trees of the far East,
.vhich are sure to find sooner or later a warm welcome among us.
X.-FORAGE PLANTS.

Next to the food plants for man, there is no single class of commercial plants of greater interest than the food-plants for flocks and herds.
Forage plants, wild and cultivated, are among the most important and
highly valued resources of vast areas. No single question is of more
vital consequence to our farthest West and Southwest.
It so happens that the plants on which the pastoralist relies grow
or are grown on soil of inferior value to the agriculturist. Eveu. soil
which is almost sterile may possess vegetation on which flocks and
herds may graze, and further, these animals may thrive in districts
where the vegetation appears at first sight too scanty or too forbidding
eyeu, to support life. There are immense districts in parts of the Australian continent where flocks are kept on plants so dry a~d desert* 17w Flowe1·s of Japan and the Art of Floral Arrangement. By Josiah Conder:
Architect to the Imperial Japanese Government. Yokohama, 1891.
See also two other works by the same author: Theory of Japanese Flowm·-a1·rangement.-t, and At·t of Landscape-gardening in Japan. (1886.)
F. H. I. B. A .•

tlbidem.

H. 1\'Iis. 334, pt. 1--41
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like that an inexperienced person would pass them by as not :fit for
his sheep; and yet, as Mr. Samuel Dixon* has well shown, these plants
are of high nutritive value aud are attractive to flocks.
Relegating to the foot-notes, brief descriptions of a few of the fodder
I>lants suggested for use in dry districts, I shall now mention the salt
bushes of various sorts, and the allied desert plants of Australia as
worth a careful trial on some of our very dry regions in the farthest
west. There are numerous other excelleut fodder plants adapted to dry
but not parched areas which can be brought in from the corresponding
districts of the southern hemisphere and from the East.
At an earlier stage of this address, t I have had occasion to refer to
Baron Von :Mueller, whose efforts looking towards the introduction of
useful plants into Australasia have been aided largely by his convenient
treatise on economic plants. It may be said in connection with the
fodder plants, especially, that much which the Baron has written can
be applied mutatis mutandis to parts of our own country.
Theimportantsubject of introducing fodder plants has been purposely
reserved to the last because it permits us to examine a practical point
of great interest. This is the caution which it is thought necessary
to exercise when a species is transferred by our own choice f1·om one
country to another. I say, by our choice, for whether we wish it or not
certain plants will introduce themselves. In these days of frequent
and intimate inter-communication between different countries the exclusion of foreign plants is simply impossible. Our common weeds are
striking illustrations of the readiness with which plants of one country
"'Mr. Samuel Dixon's list is in vol. VIII (for 1884-85) of the Transactions and Proceedings a11d Repo1·t of the Royal Soc·i eiy of South Austmlia. Adelaide, G. Robertson,
1886. But·saria spinosa, "a good stand-by," after the grasses dry up. Pomaclm·ris
r·a.cemosa, u stands ~;tocking well." Pittospm·urn phyllaer·oicles, "sheep exceedingly
partial to its foliage. 1' Casuarir1a quadrivalvis, ((tenderness of :fiber, ·w ool would be
represented by it in our finer wool districts." Acacias, The ·wattles; "value as an
astringent, very great," being cura.t1ve of a malady often caused by eating frozen
grass. Acacia aneura (mulga); "must be very nutritious to all animals eating it."
This is the plant which is such a terror to the stockmen who have to ride through
the "scrub." Cassia, some of the species with good pods and leaves for sheep. The
foregoing are found in districts which are not wholly arid. The following are more
properly "dry" plants. Sida petrophila, "as much liked by sheep as by mansupials."
Doclonaea viscosa, Native Hop-bnsh; "likes warm, red, sandy ground." Lycium austr·ale, "drought never seems to affect it." Kochia aphylla: "All kinds of stock are
often largely dependent on H during protracted droughts." Rhagodia parabolica:
"Produces a good deal of foliage." A triplex vesicar··ia: "Cau lJe Teadily grown
wherever the climate is not too wet." !have transferred only those which :Mr. Dixon
thinks most worthy of trial. Compare also Dr. Vasey's valuable studies of the plants
of our dry lands, especially Grasses a,nd forage plants (1878), Grasses of the arid districts of Kansas, Nebraska,, and Colorado (1886), Grasses of the South (1887).
t See foot-note at pages 617, 618.
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make for themselves a home in another.* .All but two of the prominent
weeds of the Eastern States are foreign intruders.
There are all grades of persistence in these immigrants. Near the
ballast grounds of every harbor, or the fields close by woolen and paper
mills where foreign stock is used, you will observe many foreign plants
which have been introduced by seed. For many of these you will
search in vain a second year. .A few others persist for a year or two
longer, but with uncertain tenure of the land which they have invaded;
others still have come to stay. But happily some of the intruders which
seem at first to gain a firm foothold, lose their ground after a while.
We have a conspicuous example of this in a hawk-weed, which was very
threatening inN ew England two years ago, but is now relaxing its hold .
.Another illustration is afforded by a water plant which we have
given to the Old World. This plant, called in our botanies Anacharis,
or Elodea, is so far as I am aware not troublm•ome in our ponds and
water ways, but when it was carried to England, perhaps as a plant
for the aquarium, it was thrown into streams and rivers with a free
hand. It spread with remarkable rapidity and became such an unmitigated nuisance that it was called a curse. Efforts to extirpate it
merely increased its rate of growth. Its days of mischief are however nearly over, or seem to be drawing to a close, at least so 1\fr.
Lynch, of the Botanic Garden in Cambridge; England, and others of
my informants think. The history of the plant shows that even under
conditions which so far as we can see, are identical with those under
which the plant grew in its home, .;it may for a time take a fresh lease
of life and thrive with an undreamed-of energy.
What did A 'nachar'is find in the waters of England and the continent
that it did not have at home, and why should its energy begin to wane .
now~

In .Australasia one of the most striking of these intruders is sweetbriar. Introduced as a hedge plant it has run over certain lands like
a weed, and disputes every acre of some arable plats. From the facility with which it is propagated, it is almost ineradicable. There is
something astounding in the manner in which it gains and holds its
ground. Gorse and brambles and thistles are troublesome in some
localities, and they prove much less easy to control than in Europe.
The eff'ect produced on the mind of the colonist by these intruding
pests is everywhere the same. Whenever in an examination of the
plants likely to be worthy of trial in our .American dry lands the subject was mentioned by me to .Australians, I was always enjoined to be
" The weeds of German gardens and agricultural lands are mostly from Mediterranean regions, but the in vas ions in the uncu]ti vatecl districts are chiefly from America
(such as Oenothera, Mhntdu8, Rudbeckia). Handbuch der Pjlanzengeographie1 von Dr.
Osc::tr Drude (Stuttgart), 1890, p. 97.
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cautious as to what plants I might suggest for introduction from their
country into our mvn. My good friends insisted that it was bad
enough to have as pests the plants which come in without our planning
or choice, aud this caution seems to me one which should not be
forgotten.
It would take us too far from our path to inquire what can be tlw
possible reasons for such increase of vigor and fertility in plants whiell
are transferred to a new home. We should have to examine all the
suggestions which have been made, such as fresh soil, new skies,
more efficient auimal friends or less destructive enemies. We should
be obliged also to see whether the possible wearing out of the energy
of some of these plants after a time might not be attributable to the
decadence of vigor through uninterrupted bud propagation, and we
should have to allude to many other questions allied to these. But for
this time fails.
Lack of time also renders it impossible to deal with the questions
which attach theniselves to our main question, especially as to the
limits of effect which cultivation may produce. We can not touch the
problem of inheritance of acquired peculiarities, or the manner in which
cultivation predisposes the plant to innumerable modifications. Two
of these modifications may be mentioned in passing, because they serve
to exemplifY the practical character of our subject.
Cultivation brings about in plants very curious morphological
changes. For example~ in the case of a well-known vegetable, the number of metamorphosed type leaves f~rming the ovary is two, and yet
under cultivation the number increases irregularly until the full number of units in tlle type of the flower is reached. Prof. Bailey, of Cornell, has called attention to some further interesting changes in the
tomato, but the one mentioned suffices to illustrate the dtrection of
variation which plants under cultivation are apt to take. Monstrosities are very apt to occur in cultivated plants, and under certain conclitions may be perpetuated in succeeding generations, thus widening the
field from which utilizable plants may be taken.
Another case of change produced by cultivation is likewise as yet
wholly unexplained, although much studied, namely, the mutual interaction of scion and stock in geafting, budding, and the like. It is
probable that a further i11vestigation of this subject may yet throw
light on new possibilities in plants.
We have now arrived at the most practical question of all, namely,
In what way can the range of commercial botany be extended? In
what manner or by what means can the introduction of new species be
hastened~

It is possible that some of you are aware of the great amount of
unco-ordinated work which has been done and is now in hand in the
direction of bringing in new plants.
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The competition l>etw6en the importers of new plants is so great
botiJ in the Old World and the New that a very large proportion of
the species which would naturally commend themselves for the use of
florists, for the adornment of greenhouses, or for commercial ends,
have been at one time or another brought before the public, or are being accumulated in stock. The same is true, although to a less extent,
with regard to useful vegetables and fruit. Hardly one of those which
we can suggest as desirable for trial has not already been investigated
in Europe or this country and reported on. The pages of our chemical, pharmaceutical, medical, horticultural, agricultural, and trade
journals, especially those of high grade, contain a wealth of material
of this charactm~.
But what is needed is this, that the promising plants should be systematically investigated under exhaustive conditions. It is not enough
that an enthusiast here or an amateur there should give a plant a trial
under imperfectly understood conditions and then report suecess or
failure. The work should be thorough and every question answered
categorically, so that we might be placed in possession of all the facts
relative to the object experimented upon. But such an undertaking
requires the co-operation of many different agencies. I shall venture
to mention some of these.
In the :first place, botanic gardens amply endowed for research.
The Arnold Arboretum, the Shaw Garden, and the Washington Experimental Garden are American illustrations of what is needed for this
purpose. University gardens have their place in instruction, but can
not wisely undertake this kind of work.
In the second place, museums and laboratories of economic botany. Much good work in this direction has been done in this country
by theN ational Museum and by the department in charge* of the investigation of new plants. We need institutions like those at Kew in
England, and at Buitenzorg in Java, which keep in close touch with
all the world. The founding of an establishment on a scale of magnitude commensurate with the greatness and needs of our country is an
undertaking which waits for some one of our wealthy men.
In the third place, experimental stations. These may, within the
proper limits of their sphere of action, extend the study of plants beyond
the established varieties to the species, and beyond the species to
equivalent species in other genera. It is a matter of regret that so
mnch of the energy displayed in these stations in this country, and we
may say abroad, has not been more economically directed.
Great economy of energy must result from the recent change by
which co-ordination of action is assured. The influence which the stations must exert on the welfare of our country and the development of
its resources is incalculable.
*The list of economic plants pu blishecl by the Depart:rhent in 'v Vashington is remarkably full, and is in every way creditable to those in charge.
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In the last place, but by no means least, the co-operation of all who
are interested in scientific matters, through their observation of isolated
and associated phenomena connected with plants of supposed utility,
and by the cultivation of such plants by private individuals, unconnected with any State, governmental, or academic institutions.
By these agencies, wisely directed and energetically employed, the
domains of commercial and industrial botany will be enlarged. To
some of the possible results in these domains I have endeavored to call
your attention.

THE EVOLUTION OF COMMERCE.•

By

GARDINER G. HUBBARD.

For over three thousand years the great highway for commerce has
been from India by the Persian Gulf and the Euphrates or by the Rerl
Sea to the Mediterranean, and thence through the Mediterranean by
Gibraltar to western and northern Europe, and in our day thence to
America.
Along this route cities and nations have sprung up, increased in
wealth and power, and passed away, giving place to other cities and
nations further westward. These nations have been great carriers and
distributors of minerals and goods, as well as capitalists and bankers,
or carriers, bankers, and manufacturers; in either case controlling the
commerce of the world. This control has never for any long period
been held by the same race, but has passed from one nation to another,
always from the east toward the west.
The earliest highway of commerce was from India through the Persian Gulf, up the Euphrates to the Mediterranean; and carpets and
precious stones were then as now carried over this route. E;plorations and surveys for a railroad have been recently made along this;
"our future highway to India." Caravans brought spices from Arabia
and rich stuffs from Babylon and NinP-veh to the shore of the Reel St>a.
Solomon made a navy of ships and Hiram sent in the navy hi~
"Servants, shipmen that had knowledge of the sea, and they brought
gold from Ophir, great plenty of almug trees, and precious stones."
Tyre aml Sidon founded colonies on the shores of the Mediterranean,
enslaving the Spaniards and compellil1g them to work the mines of
gold and silver already opened in Spain. Their ships sailed through
the Mediterranean, by the Pillars of Hercules, into the Atlantic Ocean,
turning northward to England for tin and copper and on into the Baltic sea for furs and amber, turning southward along the western coast
of Africa, passillg certainly 2,000 miles to the equator, and probably
rounding the Cape of Good Hope into the Indian Ocean. Products
from the west were brought in ships to Tyre and Sidon and exchanged
"Presidential address to the National Geographic Society, January 15, 1892.
(From The National Geographic Magazine, March 26, 1892: vol. IV, pp. 1-18).
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for the goods of the east, their merchants making profits on each transaction both as merchants and as carriers. Tyre and Sidon became
wealthy, luxurious, and effeminate. Some of their citizens saw in
Africa a richer soil and a better situation for a large city, and founded
Carthage. The Carthagenians inherited the trade of Tyre and Sidon,
and in addition opened highways to Egypt and into the interior of
Africa, bartering their wares in Bgypt for corn and grain, and in Africa
for ivory, gems, and slaves. They planted colouies in Africa and
Sicily, and for a time were successful rivals of Greece aud Home.
The rule of the ocean transferred from Asia to Afi'ica remained there
but a short time, for the day of Europe came with the rise of Greece
and Rome.
The Greeks founded colonies in Asia Minor, Sicily, and Italy. The
ruins of great cities with Grecian temples and amphitheaters are found
at Girgenti and Syracuse in Sicily, at Pmstum and other places in
Italy. Under Pyrrhus, their armies were defeated by the Romans
and her colonies captured. Deprived of these, her power rapidly declined and she became a Roman province.

Rome.-Rome founded few colonies, but she conquered the nations of
Asia, Africa, and Europe, and brought under her sway cities, killgdoms, and empires. She boasted of 500 cities in her Asiatic province
that had been founded or enlarged and beautified by the CresarR. One
hundred and twenty vessels each year brought the goods of India from
the delta of the Ganges, and large fleets from Egypt came laden with
corn and grain. She imported from every country, but exported Httle,
paying for her imports by taxes levied on her colonists.
Rome was the first power to incorporate conquered states into her
dominion and extend citizenship to all the people in her Empire, so that
Paul could say in truth, "I am a Roman citizen and to Ornsar I appeal."
So salutary and beneficial was her rule that under it these countries
prospered more than und('r their own rulers. What Rome seized with
strong hand she defended, and in return for taxation gave protection.
She has no more enduring monument than her roads, the remains of
which are now found in every country of Europe. Though built as
military and post roads, they were used largely for commerce. All
started from the golden mile-stone in the forum; one ran over the Brenner pass northeastward to the Baltic Sea, another followed the northwestern coast of the Mediterranean to Spain and southern France,
another crossed the Alps and extended through France to the British
channel and through England to Scotland, where the Romans built a
wall, ruins of which now bear witness to its strength. Another way
went southward to Naples and Brindisi, and another led eatltward to
Macedonia and Greece. As these were the only roads in all these countries, it was truly said, "All ways lead to Rome;" and over them the
messenger of Ctesar travelled more rapidly than the mail-carrier of
our fathers on our mail routes.
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Yem·ce and Genoa.-After 500 years of empire Rome fell, and the
dark ages followed. From A. D. 400 to A. D. 800 commerce and
trade died out. The only vessels on the Mediterranean and Baltic
were piratical crafts; Jerusalem and the Holy Laud were captured by
the Turks; the Crusades began, forerunners of a higher civilization and
more extended commerce. Thousands and tens of thousands of people ·
from all parts of Europe and all ranks of life, bearing the pilgrim's
badge-the blood-red cross-journeyed toward the Holy Land, first in
vast crowds led by Peter the Hermit, then in great armies led by kings
and generals. For years this movement continued. Venice and
Genoa furnished ships to carry the armies of France from Italy
to the Holy Land. The Venetians were shrewd merchants and drove
hard bargains, stipulating for cessions of land at the best commercial points and adequate compensation for their services. After
the failure of each Crusade they brought back remnants of the troops
and pilgrims, and with them the products of Asia ]_\lfiuor, and books
and art treasures from Greece. These were distributed all over Italy,
and led to the renaissance of the thirteenth and fourteenth centuries.
The trade with the east brought power and wealth to Venice and
Genoa. They founded colonies on the Black Sea, in Asia Minor, and
011 the Asiatic coast.
Venice alone had 3,000 vessels. Their commerce was not confined to the borders of the Mediterranean, for the
goods of the Orient were distributed by the way of Augsburg and
Nuremberg to the interior of Germany and to the towns of the
Hanseatic confederation. Thus commerce was opened with the interior of Europe.
By the failure of the Crusades the power of the Turks, which had
been for some time checked, grew and increased. They conquered the
holy places of the earth, Asia Minor and Syria, and finally, crossing
into Europe, gained Constantinople. The colonies of Venice and Genoa
were captured; their fieets disappeared from the Mediterranean. In
western Europe the Spaniards under Ferdinand and Isabella conquered the Moors, who for many ages had occupied the larger portion
of Spain; and as the Crescent appeared iu eastern Europe the Cross
triumphed in the west.
Spain ctnd Portugal.-Then a new power appeared upon the stage.
Spain and Portugal entered upon an era of exploration and discovery
in regions unknown to Venice and Genoa. Commerce~ which in the
middle ages had been confined to the Mediterranean Sea, was now extended to the countries on the Atlantic Ocean, and the Cape Verde
Islands, Madeira, and the Cam-tries were discovered. In one generation (between 1470 and 1500 A. D.) mm·e and greater discoveries were
made than in any other period of the wol'ld's history. The Portuguese
sailed along the eastern coast of Africa and rounded the Cape of Good
Hope; Vasco de Gama crossed the Indian Ocean to India; Columbus
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sailed westward to find the Orient and discovered a new world; Magellan circum-navigated the globe; Balboa crossed the Isthmus of
Panama, and was the first to see, on the same day, the sun rise out of
the Atlantic and set in the Pacific; and soon the eastern and western
coasts of America were explored from Newfoundland to Cape Horn
and from Cape Horn to Panama.
Both Portugal and Spain claimed all the New World, and as they
could not agree upon a division of territory they referred the mat.ter
to the Pope, who divided the New World between them. The Atlantic
became the great highway for commerce, while the Mediterranean was
deserted, and Venice and Genoa existed only in the past.
The commerce of Portugal was co-extensive with her dominion, which
extended from Japan and the Spice Islands and India to the Red Sea,
thence to the Cape of Good Hope; and with their possessions on the
eastern and western shores of the Atlantic and in Africa and Brazil
completed their maritime empire, the most extensive the world has ever
seen. Then a single fleet of one hundred and fifty to two hundred and
fifty caracks sailed from the port of Goa to Lisbon; now there sails but
one vessel a year from all India.
From Spain ships sailed both to the Caribbean Sea and to Cape Horn
and thence to Chile and Peru, or directly north westward from Cape
Horn to the Philippine Islands. Spain conquered Mexico, Central
America, and all South America except Brazil. The gold and silver of
Peru and Chile, and the goods of the Orient, were brought to Spain and
Portugal. As their wealth and power increased the spirit of exploration decreased, and for nearly two hundred years the Spanish ships
sailed in a fixed course by the same lanes, exploring the ocean neither
toward the north nor the south, leaving undiscovered the great conti
nent of Australia and numerous groups of islands.
The Spanish and Portuguese leaders were cavaliers, who despised all
commerce excepting in gold and silver, all kinds of manufactureR, all
manual labor, and the cultivation of the ground. They came not to
colonize, but to satisfy by the laBOr of the enslaved aborigines their
thirst for gold and silver. The whole political power was retained by
the King of Spain and administered by Spaniards. While the silver
and gold of America and the wealth of the Indies poured into the
treasuries of Spain they wanted nothing more. Like ancient Rome,
they took all the wealth of the conquered countries, making no return;
but they did not, like Rome, give wise and equitable laws and a stable
government to the countries they conquered.

The Netherlands.-The inhabitants of the Netherlands were manufacturers, and supplied the markets of Spain and Portugal and their
colonies, thus reaping as large profits from their trade with these countries as the Spanish and Portuguese from the mines of gold and silver.
No part of Europe, says Motley, seemed so unlikely to become the
home of a great nation as the low country on the northwestern coast
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ofthe continent, where the great rivers, the Rhine and Scheidt, emptied into the North Sea, and where it was hard to tell whether it was
land or water. In this region, outcast of ocean and earth, a little nation
wrested from both domains their richest treasures.
The commerce of the Hanseatic Towns, which had depended for their
trade on Venice and Genoa, became less and less as the glory of those
cities waned. Antwerp, with its deep and convenient rivers, stretched
its arms to the ocean and caught the golden harvest as it fell from its
sisters' grasp. No city except Paris surpassed it in population; none
approached it in splendor. It became the commercial center and banker
of Europe; s,ooe merchants daily assembled on its exchange; 2,500
vessels were often seen at once in its harbor, and 500 daily made their
entrance into it. The manufactures of Flanders and the Netherland:-;
had been noted for many generations, and now vastly increased, were
distributed all over the world. The Netherlands, though the smallest, became the wealthiest nation of Europe. Then came the long-continued war with Spain, ending in the siege and fall of Au twerp, and in
the imposition of such taxation as no .other country had ever endured.
As Antwerp had grown on the ruins of the Hanseatic Towns, so her fall
became England's gain.

Prance and England.-In America, north of Mexico, neither silver nor
gold had been found to tempt the Spanish and Portngum;e. The larger
portion of the northern Atlantic coast was one long sand beach, broken
by great estuaries and the mouths of great rivers; the rest was rocky
and rugged, the temperature generally cold, the land unfertile aud
barren. For these reasons North America was left to the French and
English. The French claimed Uanada and the whole of the territory
of th~ United States save a narrow strip of land on the Atlantic coast.
The Freneh population was small, and was made up principally of furtraders and half-breeds; Great Britain held New England, Virginia,
acd the Carolinas.
After the first fever of religious colonization had passed, about the
commencement of the eighteenth century, there was scarcely any emigration from England to America and but little trade between the two
countries. The population of North America was small, its commerce
less, witll little profit to the European merchants. The country possessed no peculiar advantages for the production of articles of value
in foreign markets; there was nothing, therefore, to invite immigration
or commerce.
The chief inducement to the English to navigate the Atlantic was
the hope of capturing the trea~ure - laden Spanish galleons and the rich
Spanish cities.
Sir Francis Drake, Sir w ·a lter Raleigh, and other navigators, aided
by Queen Elizabeth, with bands of buccaneers, refugees from all countries, though m-ostly En~dishmen, explored the recesses of the Caribbean Sea, crossed the Isthmus of Panama, and launched their little
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vessels on the Pacific. In 15 years they captured 545 treasure ships,
sacked many towns, trained the English seaman, and laid the foundation for the navy of Great Britain.
The growth of English commerce was slower than that of Spain,
Portugal, or Holland, and it was not until the middle of the eighteenth
century, or 250 years after the discovery of America, that she entered
upon that career which gave her the control of the ocean. Her commerce was built up by protective laws, founded on the navigation act
of 1651, which prohibited foreign vessels from carrying to or from
England the commerce of any country but its own. These laws were
universally regarded as among the chief causes and most important
bulwarks of the prosperity of Great Britain, and they were continued
until English ships controlled the carrying trade of the world, and
were not finally repealed until 1854.
The mechanical devices of Watt, Arkwright, aud other great inventors gave to England that supremacy in manufactures which she has
ever since retained. The French revolution, a little later, aroused the
fear of the statesmen, merchants, and capitalists of England that the
energy of the uew :Republic would be as omnipotent in mercantile affairs
as on the field of battle. They believed that France might regain the
colonies and with them the commerce she had lost, and therefore England declared war against Napoleon, which was carried on almost contiuuouslyfrom 1793 to 1815. The shipping of the Continent disappeared
or was captured by the fleets of England; the colonies, and with them
the commerce, of Spain and Portugal, Holland and France, passed to
England; and though she is still burdened with the debt then created,
she has never lost the commerce and carrying trade she then obtained.
The population of the colonies of Great Britain is about one-sixth of
the entire population of the globe, and their territory comprises eighty
per cent of the available temperate regions of the earth belonging to
the Anglo-Saxon race.
'rhe commerce of England has given wealth to her bankers and merchants, and employment to her artisans, ship-builders, iron-workers,
miners, and manufacturers. Her exports of produce and manufactures
have increased 500 per cent in fifty years, or from $356,000,000 in 1840
to $1,577,000,000 in 1800, and are carried by her ships to every quarter
of the globe. Though dependent on America for her food supplies,
these are moved in British ships. The commerce of the world pays
tribute to the bankers of London and makes that city the money center
of the world. Her best market is India, and from India comes her
largest imports; next to this, those from the United States.
India.- Egypt, Nineveh, and Babylon in prehistoric times, Tyre and
Sidon and Greece under Alexander, Carthage and Rome under the
Cresars, Venice and Genoa in the middle ages, Portugal and Holland,
and lastly England, have drawn great stores of wealth from India.
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From India science and literature were handed on to Europe, and
from India has come the religion of more than half of the human race.
For India the Spanish sailed westward; for India the Portuguese sailed
eastward. Portugal was the first to reach the goal and obtain the
prize. Greater riches have been drawn from India than from the gold
and silver mines of America; since for all ages it has been the storehouse from which treasures were derived. Portugal held India from
about 1500 to 1600. Ships brought the silks and precious stones of
India to Lisbon, where they were sold to the Dutch and distributed by
them through Europe. Spain conquered Portugal, and to avenge herself on Holland excluded her merchants from Lisbon. They then sailed
directly for India, dispossessed the Portuguese, and the commerce of
India was for the next hundred years controlled by Holland.
Then for a short time India was divided between France and England,
but under Lord Clive and Warren Hastings the possessions of France
passed to the East India Company, and when their charter expired it
was made a province of the Crown, and the Queen of England became
Empress of India.
Unlike Rome and Spain in -their dealings with conquered nations,
England gives a fair exchange for all she takes, and rules in India for
India, giving a more stable and equitable government than India ever
before enjoyed.
To-day Tyre, Sidon, and Carthage are known only by their ruins; the
glory of Greece and Rome, of Venice and Genoa, has passed; the power
of Spain and Portugal has waned, while India is developing a social,
moral, and political prosperity, with wealth and commerce unknown
in any former period of her history.

Suez Canal.-Much of the trade of India in ancient times passed
through a canal connecting the Red Sea with the J\-fediterranean, the
remains of which still exist, and efforts to re-open it have been made at
different times by Egypt without success. In 1856 De Lesseps obtained
concessions from the Khedive for the Suez Canal, and commenced the
work under the directions of the best engineers of Europe. De Lesseps applied to English capitalists for help, but they were deterred by
Lord Palmerston, who said he "wou!d oppose the work to the very
end." Mr. Stevenson, the engineer, supported Lord Palmerston, declaring that "the scheme was impracticable, except at an expense too great
to warraut any expectation of returns." The Emperor of France lent
hi~-; name to the company, and large sums of money were raised in
France; but the canal was constructed mainly by the money and laborers of Egypt. It was opened in 1869, and immediately English steamers
began to sail through the canal, and the route around the Cape of Good
Hope wa'3 almost abandoned. Other flags soon followed, and the commerce with India and the .East, so long lost to Venice and the ports of
the Mediterranean, was revived.
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In 1875, Lord Beaconsfield purchased for England a controlling
interest in the Suez Canal, and England now rules both Egypt and the
canal. The vessels of all the maritime nations of the world are constantly passing through the canal, with the single exception of those
of the United States.

Colonies.-The commerce of the great nations of the world has been
principally with their colonies or dependencies, and from this commerce they have derived their wealth. The :.nother country in return
for its real or nominal protection, and for its own aggrandizement, has
restricted the commerce of her colonies.
The European nations adopted four classes of restrictions:
(1) Restricting the exportation of goods from the colony except to
the mother country.
(2) Restricting the importation of goods from foreign countries into
the colonies.
(3) Restricting the exportation or importation of goods excepting
in ships of the mother country.
(4) Restricting the manufacture of their own raw products by tbe
colonies. So strong was this feeling in England that even Lord
Chatham declared in Parliament, '"The British colonies of Nortll
America have no right to manufacture even a nail or a horseshoe."
Most of these restrictions have been removed, though tlle result stiU
remains.
The Phamicians, Carthagenians, and Greeks had colonies on the
J\fediterranean. The Romans conquered and held as subjects nations
and empires. Venice and Genoa had colonies on the Black and Mediterranean seas. Spain and Portugal held as dependencies all Central
America, South America, Africa, India, and the islands of the Pacific.
The Dutch Republic and France planted colonies in India and America.
England has colonies in every J)art of the world, and on her dominion
the sun never sets.
Germany, France, Portugal, and Russia, appreciating the necessity
of colonies for the extension of their commerce and for opening new
markets for their manufactures, are plantiug colonies-France in Cocl.Jin
China, Germany on the eastern and western coasts of Africa and the
islands of the Pacific. Portugal, aroused to a new life, is determined
to hold her remaining possessions in Africa; Russia is steadily adding
to her dominions in Asia, and her railway from the Caspian Sea to
Samarcand has opened in western and a part of central Asia a market
for her manufactures and commerce hitherto supplied by Great Britain.
United States.-The United States is the only nation that has become
great without colonies and without foreign c~:nnmerce and shipping.
Its vast extent of territory, where the east and west, the north and
south are separated more widely than the colonies of Tyre and Sidon
or of Carthage and Rome from the mother CO]lntries; the great variety
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of climate, the fertile soil, its varied occupations and manufactures,
and a widely distributed population have created an enormous inland
commerce and given that trade and wealth which other countries find
in commerce and exchange with their colonies. Our population, wealth,
internal commerce, exports and imports have increased at a more rapid
rate than those of any other nation in a similar period. This is not
due in any great degree to immigration, for our population has increased
in no greater ratio since this immigration commenced than before, and
experts believe that it would have been as large and more homogeneous
without immigration. We had at one time a large foreign commerce,
and our merchants were the first to establish direct trade with China
and the East Indies; the Stars and Stripes were seen floating on
every sea and flying in every harbor, and for years we were the second
maritime nation of the world.
The commerce of the world passed from wooden sailing ships to
side-wheel steamers, to iron and then to steel propellers; England was
a worker in iron and machinery of every kind; we were not. The civil
war came and hastened the day which was sure to come. Our shipping
faded away faster than it had arisen, while that of Great Britain increased as rapidly as ours decreased. This was not owing to a decrease
of our foreign trade, for during the last twenty years our exports and
imports have increased more than twice as rapidly as those of Great
Britain.* Eighty-seven per cent of these exports and imports are
carried in British ships, consigned to English houses which have been
established in every large port in the world, and the proceeds are
usually remitted to the London banker.
Fortunately, our flag never disappeared from our inland waters and
from our coasting trade, for foreigners are excluded from the coasting
trade, even where the ports are 15,000 miles apart by water.
The substitution of steamers for sailing ships and of steel for wooden
propellers, which took place from ten to twenty years ago on the ocean,
is now going rapidly on upon our lakes. Where in 1886 there were but
6 steel propellers, now there are 68, and of 2,225 vessels on the northern lakes, 1,153 are steamers, 902 are sailingvessel~. The action of Congress in providing for the construction and equipment of war vessels by
competition has led our ship-builders within the last eight years to
establish ship-yards and machine shops where the largest ships can be
built, and we are now building as large and fast vessels of war as England. Our ship-builders claim that they can construct ships equal in
carrying capacity, speed, and strength to those of Great Britain, and
at no greater cost, though they can not be run so cheaply because our
sailors are better housed, fed, and paid than those of other nations.

f

*The exports of the United. States have increased 112 per cent, the exports and
imports 92 per cent; the exports of Great Britain 35 per cent, her exports and irn~
ports 37 per cent,
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The day will surely come when commerce will make her last movement
westward, when America, lying between Europe and A sia, with her
boundless mineral and agricultural resources, her manufacturing facilities, her extended sea-coasts, will be the foremost nation and New
York the commercial capital of the world.

Nica,ragua Canal.-From New York to San Francisco by landis about
3,000 miles, by water it is about 15,000 miles, yet, notwithstanding the
greater distance, freight is constantly sent by water. From San Francisco it is about the same distance by water to either New York or
London. If a water-way could be opened across the Isthmus of Panama
from one ocean to the other, the distance from New York to San Fraucisco would be diminished more than one-half, and San Francisco woulu
be over 2~000 miles nearer New York than London. The first proposition for canals connecting the two oceans was made in 1550, suggesting two routes, by Panama and Nicaragua; and explorations and surveys of both have been frequently made, and various attempts made
for their construction.
The success of the Suez Canal induced M. de Lessep~ to undertake
the connection of the two oceans by the eonstruction of the Panama
Canal, believing that the tonnage passing through it would equal that
of the Suez Canal. This work has not been successful; the canal remains unfiuished, with no prospects of completion.
Several hundred miles north of Panama is the lowest continental
divide; 148 feet above tide water on the Paciilc slope of this divide is
Lake Nicaragua, connected by the river San Juan with the Atlantic;
up this river and through this lake, some thirty years ago, was one of
the regular ways of inter-communication, both for freight and passengers, between New York and California.
The Maritime Uanal Company and the Canal Construction Company,
organized by Americans, have obtained concessions from Nicaragua,
and have made surveys for canal, slack-water, and lake navigation from
Greytown on the Atlantic through Lake Nicaragua to Brito on the Pacific, a distance of 170 miles. A harbor has been opened at Greytown
and considerable work performed on the canal. The Panama route had
the great advantage of an open channel from ocean to ocean, whereas
the Nicaragua route requires several locks to cross the divide; but
Brito is some 600 or 700 miles nearer California than Panama, a saving
iu distance that will compensate for the delay in locking. The opening of this canal will be the greatest benefit that could be conferred
upon our commerce and shipping.
Freights by water between New York and California are now so
high that a large portion goes by railroad. The effect that this canal
should produce will be evident if we com;ider the great difference in
expense between land and water carriage. Rail rates between New
York and Chicago are a trifle over 6 mills per ton per mile, while the
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ocean rates on grain to Liverpool iu 1888 were about half a mill per ton
per mile; and 1 mill per ton per mile, or $3 per ton from New York to
Liverpool is said to be a fair rate, while the all-rail rate between New
York and San Franeisco averages from $40 to $80 per ton, according to
the class to which the freight belongs. It takes from seven to ten days
to go from New York to Liverpool, nearly twice as long as from New
York to San Francisco by rail, thirty days by Panamr~., and one hundred
and twenty clays by the all-water route around Cape Horn.
The opening of this canal will therefore reduce the freight on goods
between the East and West at least three-fourths and possibly more.
It will give us a free, easy, and cheap communication by water between
the Eastern and Western States; our commerce will be built up, and the
wealth and commerce of the .Atlantic coast and the population of the
states on the Pacific coast will be increased in a wonderful manner.
The opening of this route will give a demand for large steamships,
and when we have such ships large shipyards and machine-shops will
spring up, and these alone are wanted to enable us to build and run
ships on the .Atlantic Ocean in competition with Great Britain. Then
the prediction of Mr. Cramp will be fulfilled, that Englishmen will be
asking one another, "Can we build ships as economically as they do in
the United States~"

Modes of conveyance.-The earliest transportation of merchandise was
by caravans. The first caravan of which we have any certain account
was that of the Ishmaelites and Moabites, who, while they were traveling from Gilead, with their camels bearing spices, balm, and myrrh, to
Egypt, bought Joseph of his brethren and sold liim as a slave to Potiphar. These caravans were formed of merchants banded together for
protection under a guide and leader, sometimes numbering several
hundred, with one thousand camels in a caravan. They travelled from
17 to 20 miles a day, but only in the spring and autumn months. .At
nigbt they stopped at caravansaries, where free lodging was furnished
to men and beasts. In Turkistan and Arabia all trade and travel was
by similar caravans until the railroad was opened across the desert, by
Merv and the Oxus, to Sarnarcand.
Navigation was first by boat, and ages afterward by vessels. The
earliest vessels of which we have any account were employed in carrying c~ttle down the Nile, and were propelled by sails and rowers. The
vessels, at first small and with a few rowers, were slowly increased in size
and number of rowers until three, four~ and even five banks of oars, one
over the other, were used. They were often from 150 to 175 feet long
and from 18 to 26 feet in breadth, drawing from l 0 to 1.2 feet of water,
and sometimes carrying two hundred rowers and several hundred men.
All these ships were without decks, whether sailing on the Mediterra~
nean or .Atlantic. They ·sailed by day, putting into harbor at night,
and never losing sight of land unless driven by stress of weather. A.t
H. Mis. 334, pt. 1--42
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first they sailed only with the wind, but by slow degrees they learued
to tack; then decks were built over the stern and prow, leaving the
midships exposed to the high seas. This class of vessels, sometimef;
with banks of oars, continued until the middle of the last century. In
tbe early part of the fifteenth century smaller but stronger vesRels of
lJdter material were built for the voyages of discovery undertaken by
the Portuguese. At this time, also, the mariner's compass waH brought
iuto general n:::;e, having been introduced from Arabia; eighty years
later it found its way to England. Two of the vessels of Columbus
were decked only at tile 1wow and stern, and the three were manned
by 120 melt.
The armada of Q,ueen Elizabetll ·w as formed of mercllant vessels fitted
up as men-of-war, and not until the time of Charles I were there any
regular ships of war in England or, probably, in other countries.
Commerce was usually carried on by companies, with rules regulating the quantity of goods to be exported, so that the market should not
be over-stocked and unremunerative prices obtained. Sometimes the
merchant was owner of the vessel, who adventured with his cargo and
sailed in his O\Yn ship. The ships were constructed with little reference
to speed, sailing 40 or 50 miles a clay.*

rrhe steam eng\ne came into \lBe near the mi(ldle of the eighteenth
eentnry in England, and two generations passed before it was used on
vessels. The first steamboat ran on the Hudson in 1807, in England in
1812. Then another generation passed before the ocean was crossed
by the Sirius and GYeat 1Vestern, in 1833. These ships sailed from 7 to
8 knots an hour. Ten years later iron ships were built; then came the
propeller, the invention of Ericsson, followed by vessels built of steel,
and lastly the City of Pa,.r is and Majestic, carrying 1,500 tons of freight
and sailing 500 knots a day, or 20 knots an hour.
Until the present century all commerce between remote points was
by water, excepting in the Roman Empire. After the downfall of
Rome there was neitller commerce nor travel and no use for roads the
' of
cost of transportation even for a short distance exceeding the value
the goods.
The railroad was introduced about the same time into England and
America, and was rapidly extended into every country. The steam
engine on land and water has revolutionized the methods of transportation and created a new commerce. "The movement of goods in a
year on all the through routes of the world did not then equal the
movement on a single one of our trunk lines , of railroad for the same
period." Formerly it cost $10 to move a ton of freight 100 miles; now
it can be moved 1,300 miles for the same sum. The grain and corn
from our Western lands, then not worth the transportation to the seacoast, are now sold in London, and our prairies yield to the Western
,*The breadth was about one-fourth the lengtili, and not until within forty
were the proportions of one-tenth or one-twelfth of the breadth obtaiued.
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farmer greater profit than the grain lands of England yield to the
farmer there. The land commerce created by steam probably exceeds
to-day the commerce carried on the water.
The cost of moving freight by railroads varies greatly in different
parts of the U uited States and in different countries. The highest cost
west of the Jtocky Mountains is two and a quarter times more than in
some of our JVIiddle States. 'rhe average freight receipts per ton per
mile in this country is $0.922, which is less than those of any other
country, although the Belgiau and Russian rates are not much higher.
Iu Eugland the rates are from 50 to 70 per cent higher than in America, and in the other counti'ies of Europe higher than in England.
In England and America the railroads are operated by private companies in competition.
In France railroads are operated by private companies regulated by
law, the country being divided among different lines of road. Line~
are constructed by private companies and run at rates fixed by the
Government.
In Belgium and Germany the principal roads are owned and operated by the Government.
Our system has yielded the best results to the people.
The commerce which was in olden times transported only 20 or 25
miles a day is now moved 500 miles a day by water and 800 miles by
land. Correspondence, then carried no faster than freight, is now
borne by telegraph to the farthest ends of the world.
All these changes have taken place within a single generation; for
our fathers eould not travel any faster than Alexander or Cffisar. Steamships, railroads, and telegraphs within that time have transformed all
commercial trans.:tctions and the methods of commercial business. Formerly eight months were required to execute an order in India or China
and obtain the return; now one day is sufficient. These commercial
changes caused a revolution in the modes of business, and were the main
factors which produced the monetary disturbances of 1873, the effects of
which we yet feel, so long has it taken the world to adjust itself to its
new relations.

The future of commerce.-The commerce of the world originated in
Asia; it was carried to Africa awl thence to Europe, and from Europe
to America. This movement can go no farther westward, for on the
other side of the Pacific is China, which has successfully resisted every
attempt of the European to encroach upon her domains, and India with
its teeming population of 250,000,000; so that America, the last of the
continents to be inhabited, now reeeives the wealth of India and Asia
pouring into it from the west, and the manufactures and population of
Europe from the east. Here the east and west, different from each
other in mental power and civilization, will meet, each alone incomplete,
each essential to the fullest and most symmetrical development of the
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other. Here will be the great banking and commercial houses of the
world, the center of business, wealth, and population.
The end is not yet. Inventions are increasing in a geometric rather
than an arithmetic progression. The limit of steam power has not
been reached, for with a high temperature in a steam boiler the addition of a few pounds of coal increases the steam power so greatly that
we are unable either to control or to use it.
Electricity has just begun to offer new opportunities to commerce.
W c are no longer compelled to carry our factories to the water power,
for by the electric wire the power may be brought to the house of the
operative, and we may again see the private workman supersede the
factory operative. A few cars and small vessels are moved by electricity, the forerunner of greater things. We know little of this new
agency, hut its future growth must be more rapid and more wonderful
than that of steam.
The Secretary of the Smithsonian Institution (Mr. Langley) tells us
that "before the incoming of the twentieth century aerial navigation
will be an established fact."
"The deeper the insight we obtain into the mysterious workings of
nature's forces," says Siemens, "the more we are convinced that we are
still standing in the vestibule of science; that an unexplored world still
lies before us; and however much we may discover, we know not whether
mankiud will ever arrive at a full knowledge of nature."

ON THE RELATION OF NATURAL SCIENCE TO ART.*

By Dr. E. nu Bors-REYMOND, F.R.S.

I.
We are assembled to-day in annual commemoration of a man whose
marveiious breadth of view and extraordinary variety of interests are
each time a fresh surprise to us. It seems incredible that the same
hand could have penned the'' Protogea" and the state paper adjudging
the Principality of N eufchatel to the King of Prussia, or that the same
mind could have conceived the infinitesimal calculus and the true measure of forces, as well as the pre-established harmony and the "Theodicea." A closer examination however reveals a blank in the universality of his genius. We seek in vain for any connection with art,
if we except the Latin poem composed by Leibnitz in praise of Brand's
discovery of phosphorus. We need hardly mention that his "Ars
Combinatoria" has nothing to do with the fine arts. In his letters and
works observations on the beautiful are few and far between; once he
discusses more at length the pleasure excited by music, the cause ot
which he attributes to an equable, though invisible, order in the chordal
vibrations, which "raiseth a sympathetic echo in our minds." However,
the world of the senses had little reality for Leibnitz. With his bodily
eye he saw the Alps and the treasures of Italian art, bl!.t they conveyed
nothing to his soul. He was indifferent to beauty; in short, we never
surprise thi~ Hercules at Omphale's distaff.
The same neglect, at least of sculpture and painting, strikes us in
Voltaire, who as polyhistorian can in some measure compare with Leibnitz. We are obliged to descend as far as the third generation-that
is, to Diderot in France, to Winckelmann and Lessing in Germanybefore we meet with a decided interest in the fine arts and an appreciation of the part they play in the progress of civilization.
* .An addres1:1 delivered at the annual meeting of the Royal .Academy of Sciences of
Berlin in commemoration of Leibnitz, on July 3, 1890. Translated by his danghter.
This address was :first printed in the weekly reports (Sitz ungsberichte) of the Berlin
.Academy, then in Dr. Rodenberg's Deut~che Rundschau, and lastly it was published
as a separate pamphlet by Veit & Co., at Leipzig, 1891. (From Natnt•e, December
31, 1891, and January 7, 1892; vol. XLV, pp. 200-204, and 224-227.)
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The period thus defined, though it excels in science, shows with few
exceptions a falling off in the fine arts. On considering the historical
development of these two branches of human productiveness we find no
correspondence whatever between their individual progress. When
Greek sculpture was in its prime, science scarcely existed. True, Leonardo's gigantic personality, which combines the immortal artist with the
physicist of high rank, towers at the beginning of" the epoch generally
known in the history of art as the Cinquecento. Still, he was too far in
advance of his age in the latter capacity to be cited as an example of
simultaneous development in art and science; so little that Galilei was
born the day of Michael Angelo's death. The mutual development in art
and science at the commencement of our century is, I believe, merely a
casual coincidence; moreover, the fine arts have since been, at the best,
stationary, whereas science strides on victoriously toward a boundless
future.
In fact, both branches differ too widely for the services rendered to
science by art, and vice versa, to be other than external. "Nature,"
Goethe very truly observed to Eckermann-little thinking how harshly
this remark reflects on part of his own scientific work-'' Nature anows
no trifling; she is always sincere, always serious, always stern; she is
always in the right, and the errors and mistakes are invariably ours."
Fully to appreciate the truth of this, one must be in the habit of trying
one's own hand at experiments and observations while gazing in
Nature's relentless countenance, and of bearing, as it were, the tremendous responsibility incurred by the statement of the seemingly most insignificant fact. For every correctly interpreted experiment means no
less than this: Whatever occurs under the present circumstances
would have occurred under the same conditions before an infinite negative period of time, and would still occur after an infinite positive
period. Only the mathematician, whose method of research has more
in common with that of the experimenter than is generally supposed,
experiences the same feeling of responsibility in presence of Nature's
eternally in violable laws. Both are sworn witnesses before the tribunal of reality, striving for knowledge of tbe universe as it actually is,
within those limits to which we are confined by the nature of our intellect.
HowevPr, there is a compensation for the philosopher, laboring under
this anxious pressure, in the consciousness tllat the slightest of his
achievements will carry l1im one step beyond the highest reached by
his greatest predecessor; that possibly it may contain the germ of vastly
important theoretical revelations and practical results, as W ollastou's
lines contained the germ of speetral analysis; that, at any rate, such a
reward is not only in the reach of a born genius, but of any conscientious worker; and, finally, that science, by subduing nature to the rule
of the human intellect, is the chief instrument of civilization. No real
civilization would exist without it, and. in its absence nothing could pre-
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vent our civilization, including art and its master works~ from crumbling
away again hopelessly, as at the decline of the ancient world.
ThisconscionsnesR willalsomakeupto the philosopher for the thoughtlessness of the multitude, who, while enjoying the benefits thus lavished
upon them, hardly know to whom they owe them. The country rings
with the name of every fashionable musical virtnoso, and cyelopeclia~
insure its immortality. But who repeats the name of him who achieverl
that supreme triumph of the inventive intellect-to convey through a
copper wire across far-stretching countries and over hill and dale the
sound of the human voice as though it spoke in our ear~
"Life is earnest, art is gay;" this saying of Schiller's remains as true
if we substitute science for life. Art is the realm of the beautiful; its
productions fill us with an enjoyment, half sensuous, half intellectual;
it is therefore a realm of liberty in the widest sense. No rigid laws
are enforced in it; no stern logic binds the events of the present to
those of the past and future; no certain signs indicate success; blame
and praise are distributed by the varying taste of ages, nations, and
individuals, so that the glorious Gothic church architecture came to be
derided by the eighteenth century. In art, the definition of genius as
a talent for patience does not hold good. Its creations, once brought
forth in a happy hour of revelation, stir our souls with elementary force,
and scorn all abstruse explanations 7 subsequently forced upon them by
art criticism. . Whoever accomplishes such a feat also ministers in a
sense to the cares and troubles of humanity. Unfortunately the nature
of things does not allow such fruit to ripen at all seasons; at oue time,
in one direction, the culminating point will be reached, and then age
after age will strive in vain to emulate the past. The finest msthetic
theories can neither carry the individual beyond the limits of his own
natural powers, nor retrieve the fortunes of a declining period. Of what
use has been the recent strife in the artistic world between naturalists
and idealists ? Has it protected us from the frequently almost intolerable extravagances of the latter ~ There is au attraction in every boldlyadvanced novelty which the common herd is unable to resist, and which
will invariably triumph till antiquated ideas are somehow surplauted
by fresh ones, or bytheloftyrule of some irresistibly superior personality.
Nor can Rcience in the stricter sense come to the aid of art; and thus,
strangers at heart, without materially influencing each other, each seeks
its own way, the former advancing steadily, though irregularly, the
laJkr slowly fluctuating like a majestic tide. Those unfamiliar with
Rcience are apt to recognize the supreme development of our mental
faculties in art alone. Doubtless this is a mistake; yet human intellect
shines brighest where glory in art is coupled with glory in science.
We may noticP something here which is similar to what occurs in
practical ethics. The more corrupt the morals cf an age or nation, the
more we find virtue a favorite topic. The flood of msthetic theories
rises highest when original creative power is at its lowest ebb. Lotze,
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in his ''History of .LEsthetics in Germany,"* gives a wearying and discouraging account of such fruitless efforts. Philosophers of all schools
have revelled in absract definitions of the essence of beauty. They
call it unity in multiplicity, or fitness without a purpose, or unconscious rationality, or the transcendant realized, or the enjoyment of the
harmony of the absolute, and so forth. But all these properties, which
are supposed to constitute the beautiful, have no more to do with om·
actual sensation of it than the vibrations of light and sound with the
qualities they bring to our perception. Indeed, it would be vain to
attempt to find one term equally fitted to describe all the varieties of
the beautiful; the beauty of cosmos as contrasted with chaos, of a
mountain prospect, a symphony, or a poem, of Ristori in Medea, or a
rose; or even, taking the fine arts alone, the beauty of the Cologne
Oathedral, the "Hermes" of Praxiteles, the 1\tladonna Sis tina, a picture
of still-life, a landscape, a genre piece, or a Japanese flower design;
not to mention the questionable .custom which permits us in German to
speak of a beautiful taste or a beautiful smell. Let us rather admit that
here, as so often, we meet with something inexplicable in our organization; something inexpressible, though not the less <listinctly felt,
without which life would offer a dull and cheerless aspect.
In an essay of Schiller's there is a disquisition on physical beauty. t
He distinguishes between an architectural beauty and a beauty which
emanates from grace. I attacked this ::esthetic ratiOI;talism, to which
the last century was strongly addicted, twenty years ago on a similar
occasion in a lecture on Leibnitz's ideas in modern science. I ventured
to assert that" the attraction which physical beauty exerts on the opposite sexes can as little be explained as the effects of a melody."+ On
reflection, it seems indeed incomprehensible w by one distinct shape,
which, according to Fechner, might be represented by a plain algebraic
equation between three variables, should please us beyond a thousand
other possibilities. The reason can be traced from no abstract principle,
no rules of architecture, not even from Hogarth's line of beauty. A
year after this remark was made, Charles Darwin published his" Descent of man," in which the principle of sexual selection, only cursorily
treated in the " Origin of Species," is fully expounded, and pursued in
all its bearings. I remember vividly how, in a discussion with Dove as
to the necessity of admitting a vital force, be embarrassed me by the
objection that in the organi·c world luxury occurs, for example, in the
plumage of a peacock or a bird of Paradise; while in inorganic nature
Maupertuis's law of the minimum of action precludes such prodigality.
Here was a solution of the problem, allowing that one might attribute
to animals a certain sense of beauty. The gorgeous nuptial plumage displayed by male birds may have been acquired through the preference of
*Munich, 1868.
t " Uebe1· Amnuth und Wiinle."
+The author's "Collectecl Add1·esses, etc/' vol.

1,

pp. 49, 50, Leipzig,l886.
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the female for more highly ornamented suitors, a progeny of ccnstantly
iuereasing brilliancy of coloring being thus obtained. Male birds of
Varadise have been observed to vie in showing off their beauty before
the females during courtship. The power of song in nightingales might
be attributed to the same cause, the female in this case being more susceptible to the charms of melody than to those of brilliant coloring.
Darw~n goes on to observe that, in the human race likewise, certain
sexual characteristics, such as the imposing beard in man and the lovely
tresses in woman, might have been acquired through sexual selection.*
It is a well-known fact that, by. repeated introduction of handsome Oircassian slaves into aristocratic Turkish harems, the original Mongol
type iri many cases has been remarkably ennobled. And carrying the
same principle further, we may find therein an explanation for the fascination which female beauty has for man. According to our present views, the first woman was not made of a rib taken out of the first
man-a process fraught with morphological difficulties. It was man
himself who, in countless generations, through natural selection,
fashioned woman to his own liking, and was so fashioned by her. This
type we call beautiful, but we need only to cast a glance at a Venus by
Titian, or one by Rubens-let alone the different human races-to recognize how little absolute this beauty is.
If one kind of beauty could be said to bear analyzing better than
another it is what might be termed mechanical beauty. It is noticed
least, because it escapes all but the practiced eye. This kind of beauty
may belong· to machines or physical a11paratus, each part of which is
exactly fitted to its purpose in size, shape, and position. It answers
more or less to the definition of "unconscious rationality," our satisfaction evidently proceeding from an unconscious perception of the
right me~ws having been employed to combine solidity, lightness, aud,
if necessary, mobility, with the greatest possible profit in the traHsmission of force and the smallest waste of material. A driving-belt is
certainly neither attractive uor unattractive; but it pleases the " 1.7isus
eruditus" to see a connecting-rod thicken from the ends towards the
middle, where it has to bear the greatest strain. Of course, this kind
of beauty is of recent origin. I remember Halske telling me that, as
regards the construction of physical and astronomical instruments, it
was, to his knowledge, first understood and established as a principle
in Germany by Georg von Reichenbach in Munich. Berlin and 1\funich
work-shops produced instruments of perfect mechanical beauty at a
time when those supplied by France and England were still often dis"The author is not unaware of Mr. Wallace's attack on Darwin's explanation of the
brilliant plnmage of male birds by the females' preference, and of the discussion
arisen between him. and Messrs. Poulton, Pocock, and Peckham. This was not the
proner place to enter into it, the less so as, whatever may be its outcome, the author's
conclusion from the theory of sexual selection would remain unaltered.
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figured by aimlessly ornamented columns and cornices, unpleasantly
recalling the impure features of Rococo fnrniture and architecture.
I forget which French mathematician of the last century, in sight of
the cupola of St. Peter's at Rome, tried to account for the sense of i)erfect satisfactio11 it gives to the eye. He measured out the muyes of
the cupola, and found that, according to the rules of higher ~t_atics, itt:~
shape supplies the exact maximum of stability under the given circumstances. Thus 1\fichael Angelo, guided by an unerring instinct in the
construction of his model (the cupola was not erected till after his
death), unconsciously solved a problem the true nature of which he
could hardly have understood, and which was even beyond the reach
of the mathematical knowledge of his age. Apparently however
there are several roots to this equation of beauty; at least, tlwre is one
other type, for which I quote the cupola of Val de Grace in Paris,
which, if 11ot as imposing, is quite as gratifying to the eye as Michael
Angelo's.
It will be observed that in this case mechanical beauty becomes part of
the art of architecture; and instances of this kind are daily growing more
frequent, our modern iron structures being more favorable to its display than stone buildings. In the Eiffel tower we see mechanical beauty
struggling with the absence of plastic beauty. On this occasion it was
probably revealed for the first time to many who hitherto bad no opportunity of experiencing its effect. It is certainly not wanting in the
new Forth Bridge. There is no doubt however that in stone structtues too, together with much that pleases from habit or traditim1,
there are certain features which evidently attract thro;ugh mechanical
beauty-such as the outline of the architectural members of a building,
or the gentle swelling and tapering of the Doric column towards the
top, and its expansion in the echinus and abacus; and there are others
which offend a refined taste through the absence of this beneficial element, such as the meaningless ornamentations of the Rococo style.
Even in organic nature mechanical beauty prevails to such an extent
that it transforms many objects into a source of delight and admiration
to the iuitiated, which are naturally repulsive to the untrained eye.
Anatomists recognize it with pleasure in the structure of the bones,
espeeially of the joints. In their opinion the "Danee of Death" outrages good taste from more reasons than because it differs from the
classical conception of death. Mechanical beauty was already perceived by Benvenuto Cellini in the skeleton~ much to his credit; aul
but for our imperfect k11owledge it would invest with its glory evr'J'.')'
organic form, down to the inhabitants of the aquarium, even under tlH~
v-ery microscope. According to Prof. Schweudener, even plants are
constructed on the 8ame prindple of fitness combined with thrift; and
something oftbis we feel at sight of a spreading oak tree proudly distending its vigorous branches towards air and sunlight.
Again, our appreciation of the forms of animals, especially of noble
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breeds, is greatly influenced by mechanical beauty. The greyhound
and the bulldog, the full-bred race horse and the brewer's dray horse,
the Southdown and the Merino sheep, the .1Upine cattle and the Dutch
milch cow, all are beautifnl in their kind, even though a bulldog or a
Perc heron may appear ugly to the uninitiated, becam;e in each the type
of the species has been modified to the utmost degree of fitness.
Though science is unable, as we have seeu, to check the occasional
decline of art and iuspire it with fresh vigor, yet it renders invaluable
services of a different kin<l to artists by increasing their insight, improving their technical means, teaching them useful rules, and preserving them from. mistakes. I do not allude to anything so primitive as
the manufacture of colors or the technique of casting in bronze; the
less so, as curiously enough our modern colors are less durable than
those of entirely unscientific ages, and the unsurpassed thinness of the
casting of Greek bronzes is regarded as a proof of their authenticity.
Nor <loes it seem necessary to recall the notorious ad vantages of this
kind for which art is indebted to science. Linear perspective was inventefl by Leonardo and Durer-artists themselves. It was followed
by the laws of reflection-unknown to ancient painters, as would appear from the Pompeian frescoes of Narcissus-and by the geometrical
construction of shadows. The rainbow, which ha<l better not be attempted at all, has been sinned against cruelly and persistently by
artists, in spite of optics. Statics furnished the rules of equilibrium
so essential to sculptors. Aerial perspective, again, owes its development to painters chiefly of northern climates.
But to this fundamental stock of knowledge the progress of science
has added various new and important acquisitions, which philosophers,
some of first-rate ability, have endeavored to place within the reach of
artists. The great masters of bygone ages were taught by instinct to
combine the right colors, as women of taste, according to John Mi.i.ller,
always know how to blend the right shades in their dress; and Oriental
carpet weavers have not been behindhand with them in that respect.
J3nt the reason why they unconsciously succeed was not revealed till
the elder Dar wins, Goethe, Purkinye, John Mi:iller, and others called
into existence a subjective physiology of the sense of sight. A member of this academy, Prof. von Briicke, in his "Physiology of Colors"*
and 4 'Fragments from the Theory of the Fine Arts in relation to Industrial Art,"t treats these subjects with such intimate knowledge as could
only be obtained by one who enjoyed the rare advantage of combining
physiological learning with an artistic education acquired in his father's
studio. In France Chevreul pursued similar aims. Even Prof. von
Helmholtz, in his popular lectures, has devoted his profound knowledge
of physiological optics to the service of art, which already owes him
important revelations on the nature of musical harmony. Amongst
·.~ 2<.1 edition, Leipzig, 1887.
t Leipzig, 1877.
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other things, he explained the relation between the different intensities
of light in objects of the actual world and those on the painter's palette, and pointed out the means by which the difficulties arising therefrom may be overcome.* Thus painters, as von Briicke remarks, have
it in their power to reproduce the dazzling effect of the disk of the sun
by imitating the irradiation-a defect of our visual perception, the true
nature of which was recognized by von Helmholtz. Au example of
this, interesting through its boldness, is the lovely Castell Gandolfo in
the Raczynski gallery.
There are so many and striking instances of such imperfections of
the human eye that, notwithstanding its marvellous capabilities, von
Helmholtz has observed that" he would feel himself justified in censuring most severely the careless workmanship of an optician who
offered him for sale an instrument with similar defects, and that he
would emphatically refuse to take it." The eye being the chief organ of
artists, its defects are of great importance in art and its history, and
artists would do well to inform themselves not only on these defects in
general, but more p~rticularly on those which they, in their own persons, are subject to; for, as Bessel remarked of astronomical instruments, "an error once well ascertained ceases to be an error."
Our conception of the stars as stars, in the shape adopted symbolically by decorative art, is caused by a defect of the eye closely related
to irradiation, stars being luminous spots in tbe sky without rays, as
they actually appear to a privileged few. Prof. Exner, whose line of
thought we shall repeatedly cross in the course of these reflections,
justly remarks that to this imperfection the stars conferred by sovereigns as marks of distinction owe their origin and starfishes their name
even since Pliny's time. The different varieties of halo, however, are
more probably freeborn children of our · fancy-from the Byzantine
massive golden disk down to the mild phosphorescence proceeding from
holy heads and in Correggio's "Night" from the entire child, which
illumines the scene with a light of its own. According to Prof. Exner,
glorie8 of the latter description are derived from the radiance which
surrounds the shadow of one's own head in the sunshine on a dewy
meadow, and which in fact has always been compared to halos in religious pictures. This phenomenon even misled Benvenuto Cellini into
the pious delusion that it was a gift granted him individually from
above, and a reflection of his visions, such as Moses brought down from
Mount Sinai. t
Certain otherwise quite inexplicable peculiarities which disfigure the
later works of the distinguished landscape painter Turner have also
been traced to defects of the eye by Dr. Richard Liebreich.t Clouded
*Prof. von Hehnholtz, Collected Essays ancl Acld1·esses, vol. n, Brunswick, 1884.
t u VUa eli Benvennto Cell·ini, scritta da lui medesimo," libro primo, cxxvu.
:j:Turner and Mulready: The Effect of cm·tain Faults of Vision on Painting, &c.
London. 1888.
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lenses or a high degree of astigmatism might easily lead a painter to
distort or blur objects he was copying from nature. Donder's stenoptic
spectacles or cylindrical spectacles, as the case might be, would prove
as useful to such an artist as concave glasses to the short-sighted.
The singularities of another English painter, Mulready, are accounted
for by Dr. Liebreich throug-h discoloration of the lens from old age.
Another defect of the eye, color-blindness, ought to be mentioned here,
which in its milder forms is of frequent occurrence, and even belongs to
the normal condition of the eye on the borders of the :field of vision.
It corresponds in the domain of hearing to the want of musical ear.
Color-blindness was known long ago, but has been inquired into with
redoubled zeal latterly, partly with regard to its general connection
with chromatics, partly on account of its serious practical consequences
in the case of sailors, railway officials, and, as Dr. Liebreich adds, of
painters. Both color-blindness and want of ear are inborn defects, for
which there is no remedy. A color-blind artist is however better off
than a musician without an ear, if such a one were imaginable, for,
even if he neglected the mahl-stick and the chisel, he might still seek
his fortune in the designing of cartoons.
It is difficult to determine the particular point where optical knowledge ceases to be ·of use to artists. None will repent having studied
the laws of the movement of the eyes, the difference between near and
distant vision, and the observations on the expression of the human
eye contained in John Muller's early work on" Comparative Physiology
of Sight." Yet it must be admitted that a painter may paint an eye
exceedingly well without ever having heard of Sanson's images, which
cause the soft luster of a gentle eye as well as the :fierce flash of an
angry one; as little as the blue sky of a landscape painter will gain by his
knowledge of the yellow brushes in every great circle of the heavenly
vault which passes through the sun-a phenomenon which has remained
unnoticed for countless ages, but has grown familiar to physiologists
since Haidinger's discovery.
One point, however, where physicists seem to me not to have been
sufficiently consulted is the much-debated question of polychrome in
ancient statues and architecture, and whether it should be adopted by
modern art or not. Physical experiments teach that very intense
illumination causes all colors to appear whitish; in the spectrum of the
sun, seen immediately through the telescope, the colors vanish almost
entirely, nothing remaining except a light yellow hue in the red end .
. As the colors grow whitish the glaring contrasts are softened, they
blend more harmoniously. In the open air, therefore, our eye is not
shocked by the scarlet skirt of the contadina, which recurs almost as
invariably in Oswald Achenbach's Campagna landscapes, as the white
horse in 'Vouvermann's war scenes. The Greek statues and buildings
may have looked well enough with their glaring decorations under the
bright southern sky on the Acropolis or in the Poildle; in the du,U light .
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of our northern home, above all in closed rooms, they are somewhat
out of place.
In another direction Wheatstone has added valuable information to
the kno·w ledge of painters and designers with his stereoscope. lt rlemonstrates the fundamental difference which distinguishes binocular
vision of near objects from monocular vision, as well as from binocular
vision of objects so far removed that the distance between the eyes
vanishes as compared with their distance. An impression of solidity
can only be obtained by each eye getting a different view of au object,
the two images being fused into one, so as to appear solid. A painter
can therefore only express depth by shading and aerial perspective; he
will 11ever be able to produce the impression of actual solidity on his
canvas. While Wheatstone's pseudoscope exhibits the unheard-of spectacle of a concave human face, Helmholtz's tele-stereoscope magnifies,
as it were, the space between the eyes, and resolves a far-off range of
woods or hills without aerial perspective into its different distances.
Finally, Halske's stereoscope, with movable pictures, confirms old Dr.
Robert Smith's explanation of the much-debated circumstance that the
sun and moon on the horizon appear larger by almost a fifth of their
diameter than when seen in the zenith, and reduces the problem to the
other question: why the vault of the sky appears to us flattened instead of hemispherical.
However, the almost contemporary invention of photography was destined to be of vastly greater importance to the fine arts. It had always
been the dream of artists as well as physicists to fix Della Porta's
charming pictures-a dream the realization of which did not seem quite
impossible since the discovery of chloride of silver. One must have
witnessed Daguerre's invention, and Arago's report of it in the Chamber
of Deputies, to conceive the universal enthusiasm with which it was
welcomed. Daguerre's method, being complicated and of restricted
application, was soon cast into the shade by the one still essentially
practiced at the present day. However, it is worth recording that,
when the first specimens, imperfect as they were, reached us from England, no one foresaw the immense success in store for Talbotypes; on
the contrary, the change from silver-coated plates to paper impregnated
with the silver salt was received with doubt and considered a retrogression.
Thus photography entered on its marvellously victorious career.
With respect to art, it promptly fulfilled what Arago had promised in
its name. It not only facilitated the designing of architecture, interiors, and landscapes, and rendered the camera clara unnecessary even
frY panoramas, but also furnished many valuable hints with regard to
light and shade, reflection and chiaroscuro, and the general means of
reproducing as closely as possible on a level surface the raised appearance of solid forms. A competent judge of both arts might find it
an interesting task to ascertain what share photography has had in
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the origin of the modern schools of painting aud in the manner of
impressionists and pleinairists. It further taught landscape painters
to depict rocks and vegetation with geological and botanical accuracy,
and to represent glaciers, which llitherto had been but rarely and never
successfully attempted. It caught and fixed the changing aspect of
the clouds, though only yielding a somewhat restricted survey of the
heavens. It aided portrait painters, without exciting their jealousy;
for, unable to rival tllem in representing the average aspect of persons,
it only seized single, often strained and weary, expressions, rendering
almost proverbial the comparison between a bad portrait and a photographed face; nevertheless it supplied them on many occasions with
an invaluable groundwork, lacking nothing but the animating touch
of an artist's hand.
However, the recent progress of photographic portraiture claims the
attention of artists in more than one respect. Duchenne and Darwin
called into existence a new doctrine of the expression of the emotions;
the former by galvanizing the muscles of the face, in order to imitate
different expressions, the latter by inquiring into their phylogenetic
development in the animal series. Both presented attists with vhotographs which quickly consigned to oblivion the copies hitherto employed
for purposes of study in schools of art, dating chiefly from Lebrun;
even the' sketches in Signor Mantegazza's new work on "Physioguotuy
and Mimics" will scarcely enter into competition. On lYir. Herbert
Spencer's suggestion Mr. Francis Galton subsequently solved by the
aid of photography a problem which was previously quite as inaccessible to painters as the representation of an average expression to
photographers. He combined the average features of the face alHl
skull of a sufficient number of persons of the same age, sex, profession,
culture, or disposition to disease or vice in one typical portrait, which
exhibits only those characteristic forms common to their various dispositions. This was effected by blending on one negative the faint
images of a series of persons belonging to the same description. In
the same manner Prof. Bowditch, of Harvard Medical School, Boston,
obtained the representative fhce or type of American students of both
sexes and of tramway conductors and drivers. In the latter instance
the intellectual superiority of the conductors over the drivers is plainly
visible. How Lavater and Gall would have relished this!
Of course the average expression of a single person might be procured by similar means, if it were worth while summing up on the same
plate repeated photographs of different expressions. Instantaneous
photography, however, furnishes a welcome substitute for the average
expression, by seizing \vith lightning swiftness the changing phases of
the human countenance in their full vivacity. Here again pathology
places itself at the disposal of art. M. Charcot has found that photographs of the convulsions and facial distortions of hysterical patients
~~S~!llble oqr classical repre~entations of the posse~sed. Raphael's
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realism in this respect is perhaps the most curious of all, being so much
at variance with his idealisti{; nature. In the possessed boy of the
"Transfiguration" a cerebral disease can be almost safely inferred from
the Magendie position of the eyes, and the circumstance, recently observed in New York, that the left hand is depicted in a spasm of athetosis would accord well with this diagnosis.*
II.
There is yet another direction in which art owes inst,r uctive disclosures to the progress of photography. In the year 1836, the Brothers
William and Edward Weber represented, in their celebrated work on
the "Mechanism of the Human Locomotive Apparatus," a person in
the act of walking in those attitudes which according to theoretical
calculation must occur successively during one step. Thence a strange
fact became apparent. At the beginning and end of each step, while
the body rests for a short time on both feet, the pictures agree perfectly with the ordinary way in which painters have been accustomed
to represent walking persons. But during the middle of the step,
while one foot is swinging past the other, the effect is highly eccentric,
not to say ludicrous. The individual appears to be stumbling over his
own feet like a tipsy fiddler, and nobody had ever been seen walking in
such a way. On the last page of their book the Brothers Weber propose to test the correctness of their diagrammatic figures by the aid of
Stampfer & Plateau's stroboscopic disks in the shape of Horner's
D::edaleum,t which has (strange to say) returned to us from America as
a new invention, under the name of "zoetrope" or even "vivantoscope;" but whether the proposal was carried out or not does not
appear.
However, William Weber lived to see his assertions thoroughly
justified almost half a century later by instantaneous photography.
It was first put into practice in 1872 by Mr. Eadweard Muybridge at
the suggestion of Mr. Stanford, in order to fix the consecutive attitudes
of horses in their different paces. The result was the same as in
Weber's diagrammatic figures; pictures were obtained which nobody
could believe to have been seen in reality. On photographs of street
life and processions the camera frequently surprised people in attitudes
quite as odd as those attributed to them by the brothers Weber on
theoretical grounds. The same is the case with the remarkable series
of photographs of a flying bird during one beat of its wings, obtained
by M. Marey with his photographic gun.
The explanation is known to be as follows: An object in motion, the
speed of which varies periodically, leaves a deeper and more lasting
"Sachs & Petersen, "A Study of Cerebral Palsies," etc., Jou1·nal of Nervous ana
Mental Diseases, New York, May, 1890.
t Philo8ophical Magazine, January, 1834, 3d series, vol. n, p. 36.

ON TfiE RELATION OF NATURAL SCIENCE TO ART.

673

impression on our mind in those positions which it occupies longest,
while the impression is fainter and more fleeting in those through
wLich it passes quickly. Apart from all knowledge of this law, a
painter would never represent a Dutch clock in a cottage with the
pendulum at the perpendicular, as every spectator would inquire why
the clock bad been stopped. The pendulum, having swung in one di
rection, necessarily stops for a moment while preparing to return in
the other, and consequently its diverging position is more vividly
stamped on our minds than those during which it passes through its
position of rest with a maximum of speed. Precisely the same thing
occurs with the alternately swinging legs of a man during the act of
walking; the body remains longest in the position in which both feet
support it, and shortest in that during which one foot swings past the
other. We therefore receive scarcely any impression from the latter
series of attitudes. We imagine a walking person, and painters
accordingly represent him, in the interval between two steps, with
both feet touching the ground.
In the ease of a running horse, however, particular circumstances
intervene. However rapid the succession of instantaneous photographs, we never obtain the usual image of a racing horse such as it
appears in large numbers in the print-shops at the racing season, and
such as we suppose we actually see in reality. It is different in the
case of man; there among· pictures obtained methodically or by chance,
which have, so to speak, never been perceived by the naked eye, some
will always occur which agree with the usual aspect of a walking person. The difference consists in this, that in a racing horse the interval
of time, during which the fore legs remain in complete extension, does
not coincide with that during which the hind legs are fully extended.
Both these positions prevailing in our memory, they are subsequently
blended into the traditional picture of a race horse, whereas instantaneous photography fixes them successively. Consequently the traditional picture is wrong, and exhibits the horse in a position through
which it does not even transitorily pass.
In the year 1882, aJ?. illustrated American paper brought out a picture
of a steeple-chase, in which all the horses are copied from 1\tiuybridge's
photographs, in attitudes only visible to a rapid plate. This ingenious
sketch was communicated to us by Prof. Eder in Vienna, in a pamphlet
on instantaneous photography, and a stranger spectacle can not well
be imagined. The correctness of these apparently wrong pictures can
however be proved by realizing· the idea originally suggested by the
brothers Weber, and integrating into a general impression the periodical motion which has been resolved, as it were, into differential
pictures. This is done by gazing in the dmdaleum at a series of photographs taken at sufficiently brief intervals from an object in periodical
motion, or illuminating or projecting it momentarily during its rapid
flight past the eye. The latter method has been put into practice by
H. Mis. 334, pt. 1--43
.
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Mr. l\'Iuybridge himself in his "zoopraxiscope," and with us in the
electric stroboscope by Mr. Ottomar Anschutz, a most skiilful handler
of inst~ntaneom; photography. In both instruments we see men and
horses reduced to their natural mode of walking, running, or jumpingwith one exception. The speed with which the slits of the d::edaleum
pass before the eye, or the period during which each picture is illuminated, being exactly the same for the whole series, the general effect
produced is somewhat different from what it would be in real life.
On the whole, however, the position in which both feet are touching
the ground, prevails, because the motion of the legs slackens when
approaching this position, so that the pictures follow each other more
closely and almost coincide.
The series of instantaneous photographs taken byMr. Muybridge
and Mr. Anschutz from an athlete, during the performance of a muscular effort, are an inexhaustible source of instruction to students of
the nude. Mr. Anschutz's stroboscope exhibits a stone and a spearthrower in all the different stages of their violent action; their muscles
are seen to swell and slacken, until finally the missile is represented
after its discharge, as it can not move any faster than the hand in the
act of hurling it. Animal painters will find equally useful the instantaneou~ photographs which :Mr. Muybridge and Mr. Anschii.tz have obtained from domestic and wild animals.
Even on breakers in a stormy sea the camera has been employed
with surprising success. In making use of these photographs, painters
should, however, remember that the human eye can not see the waves
as a rapid plate does, and beware of producing a picture which iu certain respects would be quite as incorrect as the clock which appears to
have been stopped, or the man stumbling over his own feet.
Finally, the traditional representation of lightning in the shape of a
fiery zigzag has been recently proved by Mr. Shelford Bidwell, on the
evidence of two hundred instantaneous photographs, to be just as
wrong as the traditional picture of a racing horse. Mr. Eric Stuart
Bruce endeavors to vindicate the zigzag by taking it for a reflection on
cumulus clouds;* it is, however, difficult to understand how its sharp
angles can be accounted for in this way.
Prof. von Briicke has devoted a special essay to the rules for the
artistic rendering of motion, which, together with the laws on the combination of colors, have at all times been unconsciously followed by the
great masters.
A cultivated and artistically gifted eye, supported by sufficient technical knowledge, was always able to compose genuine works of art in
photography, as Mrs. Cameron long ago proved. In our days, Dr. Vianna de Lima has shown how this branch of art has been advau~ed
and extended by instantaneous photography. It contributes a solution
* Natu.re, vol.

XLII,

pp. 151 and 197.
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to Conti's question in Lessing's ''Emilia Galotti"-whether Raphael,
had he been born without hands, would not the less have been the
greatest of painters. The photographic plate has been described as
the true retina of the philosopher; and one might add, of the artist, if
it were not unluckily almost color-blind. Unfortunately, theoretical
reasons which experience will hardly contradict render it highly improbable that the expectations still entertained by artists and the general public, with regard to photography in natural colors, will ever be
realized.
Whether photography does not act unfavorably on the reproductive
arts, such as engraving, lithography, and woodcutting, by taking their
place to an increasing extent, remains to be proved. Its fidelity is certainly such as, in a certain sense, to lower the value of the original
drawings of old masters, by making them common property. An exhibition, arranged by one of our art-dealers several years ago, of the best
engravings of the ''Madonna della Sedia," together with a photograph
from the orighml, first opened our eyes to the extent to which each
master has embodied in his copy his own individual conception. But
even were photography to cause such a retrogression in the reproductive arts, of what importance would that be, compared to the immeasurable services which, as a means of reproduction itself, it renders art,
by disseminating the knowledge and enjoyment of artistic work of all
kinds and periods? No one can fully estimate and appreciate what it
has done to beautify and enrich our life, whose memory does not reach
back into those, as it were, prehistoric times, "when man did not yet
travel by steam, write and speak by lightning, and paint with the sunbeam."
Is it credible, after all this, that there can be any need of mentioning
the benefits derived by art from the study of anatomy~ Has not the
"Gladiator" of the Palazzo Borghese given rise to the conjecture that
there were anatomical mysteries among the Greek artists, as the only
means by which they could have obtained such complete mastery of the
nude '? Was it not through incessant anatomical studies that Michael
Angelo acquired the knowledge necessary for the unprecedented boldness of his attitudes and foreshortenings, which are still a source of admiration to anatomists such as Prof. Henke and Prof. von Briicke?
Has not provision been made by all governments that methodically
encourage art to afford to students an opportunity of training the eye on
the dead subject to ~ote what they will have to distinguish under the
living skin? Have not three successive teachers, who afterwards became members of this academy, been intrusted with this important duty
in Berlin? Finally, do we not possess excellent compendiums of anatomy specially adapted to the use of artists?
And yet the most renowned English art critic of the day, who in his
country enjoys the reputation and veneration of a Lessing, and who
lays down the law with even more assurance-Mr. John Ruskinexplicitly forbids his pupils the study of anatomy in his lectures on
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"The Relation of Natural Science to Art,"* given before the U niversity of Oxford. Even in the preface he deplores its pernicious influence
on Mantegna and Diirer, as contrasted with Botticelli and Holbein,
who kept free from it. "The habit of contemplating the anatomical
structure of the human form," he continues, ''is not only a hindrance,
but a degradation, and bas been essentially destructive to every school
of art in which it has been practiced." According to him, it misleads
painters, as for instance Durer, to see and represent nothing in the
human face but the skull. The artist should " take every sort of view
of animals, in fact, except one-the butcher's view. He is never to
think of them as bones and meat."
It would be waste of time and trouble to refute this false doctrine,
and to set forth what an indispensable aid anatomy gives to artists,
without which they are left to grope in the dark. It is all very well
to trust one's own eyes, but it is better still to know, for instance, how
the male and female skeleton differ; why the kneecap follows the direction of the foot during extension, and not during flexion of the leg;
why the profile of the upper arm during supination of the hand differs
from that during pronation; or how the folds and wrinkles of the face
correspond to the muscles beneath. Oampe's fadal angle, though
superceded for higher purposes by Prof. Virchow's basal angle, still
reveals a world of information. It is hardly conceivable bow, without
knowledge of the skull, a forehead can be correctly modelled, or the
shape of a forehead such as that of the "Jupiter of Otricoli" or the
"Hermes" be rightly understood. Of course fanciful exaggeration of
anatomical forms may lead to abuse, as is frequently the case with
Michael Angelo's successors; however, there is no better remedy against
the Michael Angelesque manner than earnest study of the real. Finally,
a superficial knowledge of comparative anatomy helps artists to avoid
such errors as an illustrious master once fell into, who gave the hindleg of a horse one joint too many; or such as amuses naturalists in the
crocodile of the Fontaine Ou-vier near the Jardin des Plantes, which
turns its stiff neck so far back that the snout almost touches the flank.
We are, however, less surprised at Mr. Ruskin's opinions, on learning that he similarly prohibits the study of the nude. It is to be confined to those parts of the body which health, custom, and decency
permit to be left uncovered, a restriction which certaiuly renders
anatomical studies somewbat superfluous. It is satisfactory to think
that decency, custom, and bealth allowed the ancient Greeks more
liberty in this respect. Fortunately, the English department of the
Berlin International Exhibition four years ago has convinced us that
Mr. Ruskin's dangerous paradoxes do not yet generally prevail, and
that we are free to forget. them in our admiration of Mr. Alma Tadema's
and Mr. Herkomer's paintings. Nor could Mr. Walter Crane's charm- - - - - - - - - - --------
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*"The Eagle's Nest: Ten Lectures on the Relation of Natural Science to Art,"
1887.
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ing illustrations, the delight of our nurseries, have been produced without disregard of Mr. Ruskin's preposterous doctrine.
In the same lecture Mr. Ruskin opposes with the utmost vehemence
the theory of evolution and natural selection, and the resthetic rule
founded on H, according to which vertebrate animals should not be
represented with more than four legs. "Can any law be conceived,"
he says, "more arbitrary, or more apparently causeless~ What
strongly planted three-legged animals there might have been! wl1at
systematically radiant five-legged ones! what volatile six-winged ones!
what circumspect seven-headed ones! Had Darwinism been true, we
should long ago have split our heads in two with foolish thinking, or
thrust out, from above our covetous hearts, a hundred desirous arms
and clutching· hands, and changed ourselves into Briarean Cephalopoda."
Obviously, this false prophet has no notion of what in morphology is
called a type. Can it be necessary to remind a countryman of Sir
Richard Owen and Prof. Huxley that the body of every vertebrate animal is based on a vertebral column, from which it derives its name,
expanding at one end into a skull, reduced to a tail at the other, and
surrounded before and behind by two bony girdles, the pectoral and
the pelvic arches, from which depend the fore and hind limbs, with
their typical joints~ The very fact that paleontology has never known
any form of vertebrate animal to depart from this type is in itself a
striking argument in favor of the doctrine of evolution and against
the assumption of separate acts of creation, there being no reason
why a free creative power should have thus restricted itself. So little
will nature deviate from the type once given that even deformities are
traced back to it by teratology. They are not really monstrosities;
not even those with a single eye in the middle of the forehead, which
Prof. Exner takes to be prototypes of the Cyclops, Flaxman being certainly mistaken in representing Polyphemus with three eyes-two normal ones which are blind, and a third in the forehead. Real monstrosities are those winged shapes of Eastern origin, invented by a riotous
fancy while art was in its childhood; the bulls of Nimrftd, the Harpies,
Pegasus, the Sphinx, the griffin, Artemis, Psyche, N otos of the Tower
of Winds, the goddesses of Victory, and the angels of Semitic-Christian origin. A third pair of extremities (Ezekiel even admits a fourth),
is not only contrary to t,h e type, but also irrational in a mechanical
sBnse, there being no muscles to govern them. In the "Fight with the
Dragon" Schiller has happily avoided giving his monster the usual
pair of wings; and in Retzsch's illustrations its shape agrees so far with
comparative anatomy as to recall a Plesiosaurus or Zeuglodon returned
to life and changed into a land animal; indeed, the resemblance between those animals and the mythical dragon bas led to the question
whether the first human being might not have actually gazed upon the
last specimens of those extinct animal races.
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An abomiuatiou closely related to the winged l>easts are the Centaurs, with two thoracic and abdominal cavitie:-> aud a double set of
viscera; the Cerberus and Hydra, with several heads on as many
necks; and the warm-blooded Hippocamps and Tritons, whose bodies,
destitute of hind limbs, end in cold-blooded fish-an anomaly which
already shocked Horace. If they had at least a horizontal tail fin they
might pass for a kind of whale. The cloven-footed faun is less intolerable;
from him our Satan inherited his horns, pointed ears, and hoofs, on account of which Cuvier, in Franz von Kobell's witty apologue, ridicules
him as an inoffensive vegetable feeder. The heraldic animals, such as
the double eagle and the unicorn, have no artistic pretensions, and
their historical origin entitles them to an indulgence they would otherwise not deserve.
It is a remarkable instance of the flexibility of our sense of beauty
that, though saturated with morphological principles, our eye is no
longer offended by some of these monstrosities, such as the winged
Nike and the angels; and it would perhaps be pedantic, certainly ineffectual, to entirely condemn these traditional and more or less symbolical figures, though in fact the greatest masters of the best epochs
have made very slight use of them. There are however limits to our
toleration. Giants, as they occur in our Gigantomachia, with thighs
turning half way down into serpents, which consequently rest, not upon
two legs, but upon two vertebral columns ending in heads and endowed
with special brains, spinal cords, hearts, and intestinal canals, special
hmgs, kidneys, and sense organs-these are, and always will he, the
abhorrence of every morphologically trained eye. They prove that, if
the sculptors of Pergamon surpassed their predecessors of the Periclean
era in technical skill, they were certainly second to them in artistic refinement. Perhaps they should be excused on the plea that tradition
bound them to represent the giants with serpent legs. The Hippocamps and Tritons, with horses' legs and fish tails, which disfigure our
Schlossbrlicke,- date from a period in which classical taste still reigned
supreme, and morphological views were still less widely diffused than
at present. Let us therefore pardon Schinkel for designing or at least
sanctioning them, ·as well as the winged horse and griffin on the roof
of the Schauspielhaus, for which he must also be held responsible. But
our indignation is justly aroused when a celebrated modern painter depicts with crude realism such misshapen male and female monsters
wallowing on rocks, or splashing about in the sea, their bodies ending
in fat shiny salmon, with the seam between the human skin and the
scaly cover scantily disguised. Such ultramarine marvels are worshipped by the crowd as the creations of genius; then what a genius
Hollen-Breughel must have been!
Curiously enough, the inhabitants of the caves of Perigord, the contemporaries of the mammoth and musk ox in France, and the bushmen
whose paintings were discovered by Prof. Fritsch, only represented as
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faithfully as possible such ammali-; with which they were familiar;
whereasthe.Aztecs, a people of comparati vcly high civilization, indulged
in fancies of more than Eastern hideousness. 1t would almm;t appear
as if bad taste were associated with a middle stage of culture.
With regard to the teaching of anatomy in schools of art, the above
prove& that it should not be confined to human osteology, myology,
and the doctrine of locomotion alone, but that it should also endeavorand the task is not difficult-to familiarize the student with the fundamental principles of vertebral morphology.
Botanists should in their turn point out such violations of the laws
of the metamorphosis of plants as must, no doubt, frequently strike them
in the acanthus arabesques, palmettos, rosettes, and scrolls handed
down to us from the ancients. For obvious reasons, however, the~e
can not affect them as painfully as malformations of men and animals,
being in themselves repulsive to natural feelings, would the comparative anatomist. Moreover, a beneficial revolution has recently taken
place in floral ornament. The displacement of Gothic art by the
antique during the Renaissance had led to a dearth of ideas in decorative art. The rich fancy and naive observation of nature displayed
upon the capitals of many a cloister had gradually given way to a
fixed conventionalism no longer founded on reality. Rauch, at Carrara, in search of a model for the eagles on his monuments, was the
first to turn to a golden eagle, accidentally captured on the spot, instead of to one of the statues of Jupiter. It was then that, towards
the middle of the century, decorative art began to shake off its fetters,
and, combining truthfulness with beauty, returned to the study and
artistic reproduction of the living plants with which we are surrounded.
In this respect the Japanese hadloug ago adopted a better course, and
to them we }}ave since become indebted for many suggestions. Thus ·
highly welcome additions were made to the decoration of our homes
and the ornaments of female dress.
In one direction, however, it will be observed that men of science
readily dispense with a strict observation of the laws of nature in art,
at the risk of being charged with inconsistency. In works of art, both
ancient and modern, flying and soaring figures occur in thousands.
These, no doubt, sin against the omnipotent and deeply felt laws of
gravity quite as much as the most loathsome creations of a depraved
imagination against the principles of comparative anatomy, familiar
only to a few adepts. N everthe1ess they do not displease us. We pre··
fer them without wings, because wings are contrary to the type, and
could be of no use to them without an enormous bulk of muscle. But
we do not mind the Madonna Sistina standing on clouds and the subordinate figures kneeling on the same impossible ground. "Ezekiel's
Vision" in the Palazzo Pitti is certainly less acceptable. But to quote
modern examples, Flaxman's "Gods flying to the aiel of the TrQians,"
or Cornelins's .Apocalyptical riders, and Ary Scheffer's divine Francesca
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di Rimini, with which Dore had to enter into hopeless competition, are
not the less enjoyable because they are physically impossible. vV e do
not even object to Luini's representing the corpse of St. Catharine
carried through the air by angels, or to that of Sarpedon, in Flaxman's
drawing, by Sleep and Death.
In an interesting lecture on the " Physiology of Flying and Soaring
in the Fine Arts," Prof. Exner endeavors to explain why illustrations
of men and animals in this condition, though impossible and never
visible in real life, strike us as familiar and natural. I do not profess
to agree entirely with the solution which he appears to prefer. His
idea is that our semmtions in swimming, and the position in which we
see persons above us in the water when diving, are similar to what we
would experience in flying. Considering what a short time the art of
swimming has been generally practiced by modern society, especially
by ladies, who nevertheless appreciate flying figures just the same,
doubts arise as to the correctness of Prof. Exner's explanation. To
attribute the feeling to atavism in a Darwinian sense, dating from a
fish period in the development of man, seems rather far-fetched. And
do not the sensations and aspect of a skater come much nearer to flying
or soaring than those of a swimmer~
Another remark of Prof. Exner, which had also occurred to me,
appears more acceptable. It is, that under especially favorable bodily
conditions we experience in our dreams the delicious illusion of flying.
For
"in each soul is born the pleasure
Of yearning onward, upward, and away,
When o'er our heads, lost in the vaulted azure,
The lark sends down his flickering lay,
When over crags and piny highlands
The poising eagle slowly soars,
And over plains and lakes and islands
The .crane sails by to other shores." *

Who would not long, like Faust, to soar out and away towards the
setting sun, and to see the silent world bathed in the evening rays of
eternal light far beneath his feet~ And when we long for anything,
we love to hear of it, and to see it brought before us in image. Our
desire to rise into the ::ether, and our pleasure in ''Ascensions" and
similar representations, are further enhanced by the ancient belief of
mankind in the existence of celestial habitations for the blessed beyond
the starry vault; a belief which Giordano Bruno put an end to, though
not so thoroughly but that we are constantly forgetting how badly we
should fare, were we actually to ascend into those vast, airless, icy
regions, which even the swiftest eagle would take years to traverse
before alighting on some probably uninhabitable sphere.
We are now inclined to reverse the question, and to ask: What llave
sculpture and painting been able to do for science in return for its vari*Translation of Goethe's
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ous services? With the exception of external work, such as the representing of natural objects, not much else than the results obtained by
painters as to the composition and combination of colors, which, however, have not exercised as strong an influence on chromatics as music
on acoustics. It is known that the Greeks possessed a canon of the
proportions of the human body, attributed to Polycletes, which, as
Prof. Merkel recently objected, unluckily only applied to the full-grown
frame, to the detriment of many ancient works of art. The blank was
not systematically filled up till the time of Gottfried Schadow. This
canon has since become the basis of a most promising branch of anthropology-anthropometry in its application to the human races.
If the definition of art were stretched so far as to include the power of
thinking and conceiving artistica1ly, then, indeed, it would be easy
enough to find relations and transitions between artists and philosophers, though, as we remarked at the beginning, their paths diverge so
completely. But it is not so certain that natural science would necessarily be benefited by an artistic conception of its problems. The aberration of science at the beginning of this century, known as German
physiophilosophy owed its origin quite as much to resthetics as to metaphysics, and the same erroneous principles guided Goethe in his scientific researches. The artistic conception of natural problems is in so
far defective as it contents itself with well-rounded theoretical abstractions instead of penetrating to the causal connection of events to the
limits of our understanding. It may suffice in cases where analogies
are to be recognized by a plastic imagination between certain organic
forms, such as the structure of plants or vertebrate animals; but it fails
altogether in subjects, such as the theory of colors, because it stops
short at the study of what are supposed to be primordial phenomena
instead of analyzing them mathematically and physically. Prof. von
Briicke subsequently, by the aid of the undulatory theory, traced to
their physical causes the colors of opaques on which Goethe founded
his theory of colors and which to this day have tended rather to darken
than to enlighten certain German intellects. The difference between
artistic and scientific treatment becomes very evident in this example.
Nevertheless, it can not be denied that arti~tic feeling may be useful
to scientific men. There is an resthetic aspect of experiment which
strives to impart to it what we have termed mechanical beauty; and
no experimenter will regret having responded to its demands as far as
was in his power. Moreover, the transition from a literary to a scientific epoch in the intellectual developement of nations is accompanied
by a tendency to brilliant delineation of natural phenomena, arising
from the double influence of the setting and the dawning genius. Instances thereof are Buffon and Bernardin de Saint-Pierre in France,
and Alexander von Humboldt in Germany, who, to his extreme old age,
remained faithful to this tendency. In the course of time, this so mew hat
incongruous mixture of styles splits irtto two different manners. Pop-
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ular teaching preserves its ornamental character, while the results of
scientific research only claim that kind of beauty which in literature
corresponds to mechanical beauty. In thit:i sense, as I long ago ventured to indicate here on a similar occasion, a strictly scientific paper
may, in tasteful hands, be .made as finished a piece of writing as a work
of fiction. To strive after such perfection will always repay the trouble
to men of science; for it is the best means of testing whether a chain
of reasoning, embracing a series of observations and conclusions, is
faultlessly complete.
And this kind of beauty, which often graces, unconsciously and unsought for, the utterances of genius, will no doubt be also found to
adorn Leibnitz's writings.
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XXIV
languages, classification of~ by J. W. PowelL ...... _ .. _._..
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